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In the weathered earth of the Bad Lands 


Bad Lands is the name given to much of 
the Williston Basin—and it’s a name well 
earned. 

Seismograph crews working in this 
rugged part of the Dakotas, Montana 
and Saskatchewan must face 50° below 
zero weather in the winter and soaring 
110° temperatures in summer. The spring 
thaw turns the frozen ground into a sea 
of mud. And all year round the rough 
terrain makes the going difficult. 


So, to these crews that work in the 
Bad Lands, Du Pontsendsa special salute. 


Seismograph exploration in this area 
requires every known skill of obtaining 
and interpreting records. Drilling of shot 
holes often means cutting through 250 
feet of glacial boulders, burned-out coal 
beds, red scoria and treacherous beds of 
gravel. Shooting may vary from single 
shots to 36-hole patterns. 

Under these conditions crews need 
seismic products they can depend on. 
That’s why the Du Pont products listed 
on the opposite page are solid favorites 
with the crews of the Bad Lands. 
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... Man seeks a modern giant—OIL! 
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range of temperature. 
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Discovering oil is a problem for 
specialists and interpreting seismic 
“ne is an important phase of this 
work, 

Oklahoma offers this 
interpretive skill developed from 10 
years of seismograph interpretations 
Mississippi, Alabama, and Kansas. — 

_ Crews available for contracts by 
the day or by the month. 
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1120 N. Kickapoo St. 
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graphs, and magnetic 
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cordings. The large, easily-read con- 
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for ease of operation and observation 
of settings. 
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LIBRARY 
EXPLORER 


Filbert was buried under a ton of detail 
—and every ounce of it urgent — when the 
boss stormed in with the old Poppy Field on 
his mind. There was a case history on that 
field . . . came out around 1932, he thought 
.. . find that paper, Filbert. And, Filbert, 
find it by five o'clock. Understand, Filbert? 


Filbert stared blankly into space. A dull 
film clouded his eyes. Surely, with luck, he 
would be dead in five minutes. But visions 
of his widowed wife and fatherless children 
pulled him to his feet and sent him trudging 
out the door . . . to the library. 


It would take all day. He’d be spending 
valuable time his company could hardly af- 
ford. And he'd be using all his exploration 
skill to locate that blessed paper — not to 


mention structures . . . Filbert stopped at a- 


drug store and bought $4.00 worth of aspirin. 


SOCIETY OF 
EXPLORATION 
GEOPHYSICISTS 


TULSA. OKLA. 


624 S. CHEYENNE 


Had Filbert spent that $4.00* on the 
CUMULATIVE INDEX, he would have 
saved himself that headache and many, many 
more. The S.E.G. CUMULATIVE INDEX 
1931-1953 is a complete library on geophys- 
ical data at the tips of your fingers. Remember, 
a man is.as useful as the knowledge he 
possesses. The CUMULATIVE INDEX is 
knowledge on your desk! 


Gentlemen: 


Please send me the CUMULATIVE INDEX, 
1931-1953. 


) I enclose $4.00* for postpaid shipment. 
( ) Bill me, plus postage. 

) Bill my company, plus. postage. 

NAME, 


COMPANY. 
ADDRESS 


CITY 
* $3.00 to SEG members 
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The applied science of gravity has come 
a long way since a falling apple awake 
Sir Isaac Newton to this basic law. 
The ways in which GMX has put th 
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New techniques in gravity work are 
constantly being applied by GMX crews in 
their search for oil—a search that has 
been carried on continuously since GMX 


entered the gravity exploration field in 1) 


A, C, Pagan 
L. L. Nettleton 
N. C. Steenland 
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PRESIDENTIAL ADDRESS 


THE FUTURE OF GEOPHYSICS* 


PAUL L. LYONST{ 


ABSTRACT 


- th The year 1955 marks a continued decline in exploration for oil in the United States and in the 

world as judged from the employment of seismograph parties. The decline indicates that in the 
’ United States we have passed an upper limit of action within the framework of exploration practices 
as they have existed. The precipitate rise of geophysical exploration was due to the effort of explora- 
tion companies to be “firstest with the mostest.” The rapid coverage of prospective oil areas in the 
United States and in world, however, has not resulted in a complete exploration of the sedimentary 
areas. Many areas may be considered virtually unexplored. In addition, frontiers exist in the search 
for very-small-relief structures and stratigraphic traps by geophysical methods. Application of im- 
proved instruments, techniques, and interpretations to these problems will result in a new phase of 
sustained exploration with successes going to those with the most complete information and the best 
ideas. A changing geophysics will occupy an important place in the world petroleum economy, with 
at least 450 billion barrels of oil yet to be found. 


This year marks the 25th anniversary of the Society of Exploration Geo- 
physicists and the 25th year, approximately, of geophysics as an important in- 
dustry. Last year, about 325 million dollars were spent on geophysics all over 
the world. There are now 4,450 members of the Society of Exploration Geophys- 
icists, an all-time high. In spite of this, these are trying times for many geo- 
physicists. This has been brought about by a decline in the use of geophysical 
parties, especially in the United States. The rise in the use of geophysics has been 
so precipitate in the near past that any halt or slackening of exploration activity 
should be carefully examined, especially since the parent industries, petroleum 
and mining, will in many ways be affected. In this periodic inquiry into the future 
of geophysics, it happens that I follow a precedent established by a past-presi- 
dent of the Society, W. T. Born, in his presidential address to you in 1941. 


* SEG Presidential Address presented before joint meeting of AAPG-SEG-SEPM at New 
York, March 29, 1955. Manuscript received by the Editor April 19, 1955. 

+ Anchor Petroleum Company, Tulsa, Oklahoma. Now with Sinclair Oil and Gas Co., Tulsa, 
Okla. 
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The regression in world geophysics and exploration is shown by the fact that 
a world decline from a peak of 1,040 seismograph crews in 1952 to 840 for 1954 
has occurred (Figure 1). This has been reported in detail by Sigmund Hammer, 
chairman of the Society’s Geophysical Activities Committee. The decline in- 
dicates that in the United States we have passed an upper limit of action within 
the framework of exploration practices as they have existed. Significantly, the 
world reserves of oil, which have followed closely the increasing use of geophysics, 
have mounted from 116 billion barrels in 1952 to a fabulous new high of 158 
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billion in 1954. As you know, there is always a lag between the finding of pros- 
pects and the establishment of reserves, and I venture the opinion that this lag 
will be reflected in the next few years in the reserve picture for the world. The 
world reserves will either slow their rate of increase or decline slightly. This can 
happen even though drilling itself increases. 

We are using seismic crew-months as an index for oil exploration. That it is a 
valid index for geological activity as well as geophysical exploration is indicated 
by some recent figures compiled from the Roster of Earth Sciences by Mrs. Mary 
Bell Price and reported by the AGI News Letter. The 4,063 petroleum geologists 
reported in 1951 declined to 3,840 reported in 1954. 
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The greatest cause for anxiety as to geophysics lies in the United States. If . 
the rise of any industry is plotted on a logarithmic scale, the industry will follow 
a growth curve called a “logistic curve.”’ This curve of growth with the passage of 
time is true of any growing body, it is true for your own body, and it was first 
developed as a law to describe the growth of populations. The curve is char- 
acterized by a preliminary rapid rise, an established rise to a crest, and a slow 
decline. The earth’s former dinosaur population, for example, followed such a 
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curve. The radio industry, which rose rapidly, is now apparently in its declining 
phase. 

The curve for petroleum production in the United States is a logistic curve 
(Figure 2). Significantly, it follows two curves. As you know, a preliminary cycle 
was established by the illuminating-oil industry, which started about 1860 and 
has by now declined. Superimposed on this curve is a new and greater cycle which 
is of course the motor-fuel phase. The industry has not yet reached its peak 
production in the United States. The source for this study of industries is the 
book Cycles, the Science of Prediction by Dewey and Dakin. 

The geophysical industry is no exception to the laws of growth (Figure 3). 
Both the seismograph and the gravimeter have passed the crest of their activity 
in the United States and seem almost inexorably committed to a long slow de- 
cline. Indeed, this may be the future outlook, for these methods are concerned 
with the gathering of information, and there is a finite amount of information to 
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Fic. 3. Geophysical activity in the United States is declining. 


be gained. However, there is also reason to believe that much additional valuable 
information is still to be gained and that, as in petroleum production, a new cycle 
will be superimposed on the old declining one to mark the phase of a new advance 
in the use of geophysics. 

For background, if a great number of United States industries are plotted, 
it may be seen that they can be grouped quite well in relation one to another by 
their position on a common idealized growth curve (Figure 4). It may also be 
seen that in many cases the decline of an industry is caused by the rise of another 
industry which replaces or partially replaces it, just as television has caused radio 
to pass its crest. 

No direct method of finding oil has been found to replace the seismograph 
or other established geophysical methods. Nevertheless, a very potent Nemesis, 
a successor to petroleum itself, has appeared—energy from uranium. Already 
to some extent our old oil finding instruments have given way to the Geiger 
counter and the scintillometer. Like death itself, the ultimate decline of our 
complex and wonderful oil industry is already distantly in view. Any discussion 
of the future of geophysics as we know it must contemplate the ultimate partial 
replacement of oil and gas as energy sources and the ultimate role of geophysics 
in finding ores for atomic energy. 
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But right now we are worried about a phenomenon not at all brought about 
by atomic energy—the current decline in exploration in the United States and 
in the world. This decline is a complex result of economic forces, the vagaries of 
nature itself, and the working of the minds of men. Perhaps we have even found 
too much oil, so that the need for finding it has lessened. But if one aspect of 
the exploration picture is to be blamed more than others, it must surely be the 
demise of the fabled concept of “‘the firstest with the mostest.” 

In the good old days of this present generation, there were open, inviting 
frontiers of oil exploration. There were many uncharted areas where the first to 
arrive with a seismograph crew or a gravity instrument could reasonably expect 
to find bonanzas ready for the plucking. Large structures lay about, their pres- 
ence unsuspected from available geological data. And the large ones are much, 
much easier to find than the small ones. 

And so the applications of geophysics which resulted in its rapid rise were 
the attempts of exploring companies to stay in the vanguard, to push forward 
rapidly into the geological vacuums, to skim the cream, to find first those large 
fruitful structures that responded easily to geophysical measurement. For ex- 
ample, the 171 major oil fields of the United States, each with over 100 million 
barrels ultimate reserves, collectively contain over 59 percent of the country’s 
total ultimate reserve. There was a reason for the precipitate rush to be first to 
find such prizes. And now this feverish rush is more or less over in the United 
States, for geophysical methods have long since covered most of the country’s 
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sedimentary areas. It is seldom possible to be first anywhere. And so the chances 
for finding large structures, or pools, are reduced, for the operator must rely on 
his predecessor’s inability to evalute what has been explored. 

The statistics record the phenomenal results of the first rushes of those who 
sought to be ‘‘firstest with the mostest.”” For example, 44 salt domes were dis- 
covered in Texas in 1930. They were found by three refraction seismograph par- 
ties. From 1930 to 1937, 361 seismograph prospects were found in Oklahoma. 
One hundred eighty-four of these prospects are now known to be structures or 
traps, and 146 have produced, for a success ratio of 40 percent. It is interesting 
that the success ratio in southern Louisiana last year was 45 percent for seismic 
anomalies, according to The Oil and Gas Journal. Southern Louisiana, because 
of terrain and reflection-quality difficulties, has been a lingering frontier, be- 
latedly explored. The same is true toa lesser extent of West Texas, and the success 
ratio there last year for the seismograph was 25 percent. 

The ‘‘firstest with the mostest’’ technique is still being used in the tidelands. 
The tidelands have been and are being explored in a burst of rapid exploration 
in which marine seismograph parties take literally hundreds of reflection pro- 
files per day, and the large, inviting prospects are being or have been gobbled up. 

The results in settled production areas are quite different (Figure 5). In the 
past ten years one in six geophysical wildcats have been successful. Last year, 
this declined to 1 in 7, according to Lahee’s latest report. These figures are partly 
representative of the effort to find small closed structures overlooked in the first 
rushes. As we have said, the smaller structures are harder to find than the large 
ones. The return is less, even though the effort expended may be greater. And 
seismograph has been ill-adapted to the finding of small hickeys. 

The reaction of the oil industry to the increased difficulty, using conventional 
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interpretation techniques, in finding small seismic structures in picked over areas 
has been one of some discouragement. The point of diminishing returns has 
been reached. Some say that it is the current cutback in allowables and the over- 
supply of domestic crudes on the market which makes the situation as it is. I 
believe that it goes much deeper than that. For operators will never stop search- 
ing for oil as long as the process is economically successful. The fact simply is, 
that for some operators, geophysical work no longer pays for itself in cold, hard 
cash. 

The economics of geophysical work presents a challenge, then. The geophys- 
ical industry will react to this challenge, for it is really a virile, strong industry, 
and there are a number of reasons why a new cycle of geophysical activity will 
be added to the old growth curve. 

In the first place, there are millions of dollars now invested in the finest 
assemblage of geophysical equipment ever fashioned. New techniques are avail- 
able which make it possible to get seismograph results practically anywhere on 
earth where it is possible to prospect for oil. The gravity and magnetic methods 
have long since reached perfection in instrumental accuracy. 

In the second place, there are practically unlimited frontiers available even 
for the late arrivals on the scene. L. R. Newfarmer has pointed out that “the 
measure of the extent to which oil exploration has progressed in any given area is 
not the familiarity we may have with the surface of the ground or even the 
number of years of activity the industry has accumulated.’”’ Newfarmer uses the 
number of reliable control points, compared to the total number required, to 
arrive at a quantitative expression related to the ‘‘minimum adequate control 
density.”’ This expression enables us to distinguish explored areas from the truly 
unexplored. For example, the Anadarko Basin of western Oklahoma and the 
Texas Panhandle has long been a forbidding and unattractive Permian basin 
because of the difficulties encountered in exploration. Even so, it was explored. 
In the past ten years, a tremendous oil and gas potential in the basin has become 
evident because of the accelerating discoveries in beds of every geologic system 
present down to the Cambro-Ordovician Ellenberger. The basin has in the past 
five years been ringed with discoveries (Figure 6). Yet the interior of the basin, 
no less attractive, has less than one well for each 100 square miles. The old seismic 
work, the core drill work, and the surface work done in the past are unreliable 
for deep structure. And so, in spite of the geophysical work done, Newfarmer’s 
index for the central basin would class it as an unexplored frontier. A. I. Levorsen 
has recently stated that almost unlimited exploration possibilities of this type 
are still present in the United States. 

New frontiers exist in what might be called microstructures. Some 60 case 
histories appear in SEG’s first volume of Geophysical Case Histories, and a like 
number are present in Volume II, now in press. The structures there described as 
found by geophysical methods are usually large in size and relief, and the closures 
in nearly all cases exceed 200 feet. Yet closures of ten and twenty feet are signifi- 
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Fic. 6. In spite of exploration, the central part of the Anadarko basin remains a frontier. 


cant and worthy of drilling in some areas. In township 17N-1E of Oklahoma, 
for example, there are eight proven productive structures for which the closure 
is twenty feet or less on the Viola limestone, which is the principal and deepest 
reflecting horizon, and which is several hundred feet above the main producing 
horizon in this part of the state (Figure 7). There are eleven productive struc- 
tures in the 36 square miles of this township, and their cumulative production 
will be in excess of 20 million barrels. Yet the township is not entirely explored, 
in spite of 209 wells which cost six million dollars just to drill! Perhaps another 
three or four structural traps will be found in this township. For small structures 
such as these, there are radical shifts of the structural crests all through the 
sedimentary section, and surface irregularities and velocity anomalies become 
great hazards in the interpretation of seismograms. For example, the surface 
relief of hills and valleys is over 100 feet, and we are looking for 20 feet of relief 
a mile below the surface. Yet there are now available interpretational techniques 
which make such accurate work possible, and the seismograph can find small 
structures and faults even in this difficult area. Thus, the small structure in sec- 


510 
102” 101° 99° 98° 97° 
' 0 e > | 
| 
| 
: 
ae 99° 98° 97° 


THE FUTURE OF GEOPHYSICS 511 


tion 35 was delineated by the seismograph in spite of its existence in an apparent 
subsurface syncline which was strongly supported by the low well east of the 
discovery. The discovery well checked all reflection horizons very accurately and 
encountered the mapped horizon precisely at the predicted depth footage. To 
have a sufficient oil column, the well had to be 20 feet higher than the dry hole 
due north, and it was. 

Reflect that there are hundreds of townships in Oklahoma where the degree 
of exploration is much less complete than in this township, which has been 
heavly drilled, and it may be seen that there is no dearth of areas for determined 
exploration and accurate interpretation. 

Some 13 years ago, a study of the oil producing areas of the mid-continent 
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Fic. 7. Small structural traps present a challenge to the seismograph. 


\ 
/ ra! 
\ Q AWN \\ 
L 


PAUL L. LYONS 


a 


RSE 


EAST PAYSON AREA 
LOWER SKINNER SANOSTONE 


Fic. 8. Seismograph interpretation should be developed to outline sand bodies such as this one in 
central Oklahoma. Thickness of the sand is shown by contours. The dip is west. 


disclosed that at that time only 38 percent of the ultimate yields of oil from fields 
then known would be from structural traps, and that the remaining 62 percent 
of the oil would be produced from stratigraphic type traps, combination struc- 
tural-stratigraphic traps, and unclassified traps. Since that time, the stratigraphic 
oil classification has applied to an even higher percentage of the oil found and 
produced in this area. It is possible to predict, as a contribution to the theme of 
this meeting, “the habitat of oil in the sedimentary basin,” that perhaps 75 
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percent of the oil ultimately found in the United States will be stratigraphic. 
Hence, in contemplating any new area for possible oil or gas accumulation,-we 
should count on more than half the hydrocarbons discovered being from strati- 
graphic traps. This is as a rule difficult to foresee, for the first finds in most new 
areas will be in structural traps. First the Turner Valley oil is found, and then the 
Pembina. 

In the later production history of an area, the exploratory effort may turn 
almost entirely to the stratigraphic trap. This is true in central Oklahoma, where 
the majority of wildcats now being drilled are in search of sand bodies such as 
the Lower Skinner sandstone lens of the East Payson pool in township 13N- 
4 E (Figure 8). Oklahoma has a great number of lenticular sand horizons such 
as this, and they are scattered over a vast area. Yet it is not economically fea- 
sible to prospect for them by subsurface methods alone or by random wildcatting. 

Here is a tremendous exploration vacuum—the search for stratigraphic 
traps—into which the seismograph, with all its instrumental advances and im- 
provements in technique, should step. I believe that it will. We have searched 
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for structural traps because they are easier to pinpoint with the seismograph. 
Is this necessarily true? The stratigraphic traps are in the productive majority, 
and very often they are larger in areal extent than structural traps. It is an amaz- 
ing fact that seismograph has played so small a part to date in the location of 
stratigraphic traps. A usual problem is simply to find the existence of a lens 
of sand in the section and to drill near its updip edge. 

A major interpretational step in the delineation of stratigraphic traps by 
seismograph may be made by mapping every reflecting limestone or reflecting 
horizon in the section explored, for we can derive the structural framework and 
setting for stratigraphic traps from such maps and from other maps derived from 
them. 

Why not map the sandstones themselves? There are mathematical formulae 
available which permit us to predict the relative amplitude of a sandstone re- 
flection if we know the velocity of the sandstone and that of the horizon above it 
(Figure 9). Presence of the sandstone will also influence the amplitude of a re- 
flection from a bed below the sandstone in a predictable manner; it will cause a 
change very often in the quality of that reflection. These data were derived by 
Muskat and Meres some fifteen years ago and published in GEopuysics. We can 
also identify reflections on seismograms and draw conclusions as to the reflecting 
rock type by varying the angle at which the reflections are obtained. The seismo- 
gram truly has some of the exploration characteristics of an electric log. Changes 
in reflection amplitudes, reflection frequencies, and reflection qualities are all 
significant. Every seismogram is closely related to sedimentary changes, and 
yet in the past records have been almost exclusively used for structural mapping. 

For example, it is possible to identify a sandstone from seismograms and to 
ascertain its lateral extent in the subsurface by carefully following its reflection 
continuity until it ceases to be recorded. Then the updip edge is a potential 
stratigraphic trap, if we identify the lens as permeable. It would take dozens 
of wells to make such a map from subsurface alone, and we would still not be 
sure as to the bed’s continuity. The continuities or lack of them shown by con- 
tinuous profiling is a very powerful exploration tool of which we seldom take 
full advantage. 

All of this may not require new programs of shooting. A factor to be con- 
sidered is the availability, in files or by trade, of old seismic records to supplement 
new data. A significant development in this line is the recent establishment of a 
seismogram record library where seismograms may be exchanged or rented. 

A word should be devoted to mining geophysics. This phase of the geophysical 
industry is still in its infancy, and recent successes would seem to assure its 
expanding future. 

In conclusion, it can be said that in the future there will be available advanced 
instruments, new techniques of exploration and interpretation, electronic ma- 
chines for computation, and new ideas to be applied to geophysics. The most im- 
portant of these are ideas. The frontiers for those who play “the firstest with 
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the mostest”’ are limited now, but the frontiers for those who arrive, however 
late, prepared with the ‘‘bestest dope and the bestest ideas” are still unlimited. 
When these oil finders arrive on the scene in force, new life will be given to our 
presently lagging exploration efforts. 7 

What is the target? The United States has produced 50 billion barrels of oil. 
In addition to its 31 to 35 billion barrels reserve, there are perhaps 4o to 50 
billion barrels yet to be discovered in this country—the hard way. There are 400 
billion barrels yet to be discovered in the world exclusive of the United States. 
A changing geophysics has an important place in our changing future. 
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THE SYNTHESIS OF SEISMOGRAMS FROM WELL LOG DATA* 
R. A. PETERSON, W. R. FILLIPPONET, anp F. B. COKER{ 


ABSTRACT 


Under certain simplified but realistic physical assumptions, the basic data from continuous 
velocity surveys in wells can be used to simulate the variations in acoustic impedance in the ground 
which give rise to seismic reflections. An analogue computer is described which makes use of the 
basic well data to produce synthetic seismic records which resemble actual seismograms from shothole 
explosions. This process provides an interesting insight into the requisite physical conditions, as well 
as the physical processes, whereby seismic reflections are set up in the earth. The close relationship 
between seismograms and well logs is brought out. Illustrations are given of field results. 


INTRODUCTION 


The basic concepts of the reflection seismograph method are relatively simple 
and straightforward. A charge of dynamite is exploded at A (Figure 1) and the 
resulting seismic pulse travels outwards as a wave in all directions. The wave is 
reflected at Horizon B and travels upwards towards the surface. The reflected 
wave is received by seismometer spread C—C, and recorded by instruments in 
truck E. 

However, as we deal day by day with seismograms recorded from actual 
explosions in the real earth, it becomes apparent that there are a number of 
complicating factors which enter into the reflection seismograph process. In 
order more fully to understand and interpret the data on seismograms it is 
necessary that we look closely into all phases of the process. 

For example, what is the form of the seismic pulse radiated from the shot- 
point? How does it change during transmission through the earth? What is the 
nature of the reflection process in multiple-layered rocks? What are the charac- 
teristics of extraneous seismic waves and “noise”? What are the effects of the 
recording instrument system on the reflection data? 

A complete analysis of these factors would encompass the entire field of 
reflection seismology. The following discussion will be limited more specifically 
to the reflection process itself in multiple-layered rocks in the light of accurate 
and detailed velocity information now available from continuous interval- 
velocity logging equipment. Certain aspects of the shotpoint and recording 
processes that are directly connected with the over-all problem will also be dis- 


cussed. 
* Presented at the Pacific Coast Regional Meeting of the Society in Los Angeles on November 12, 
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SYNTHESIS OF SEISMOGRAMS FROM WELL LOG DATA 


Fic. 1. A schematic diagram of the seismograph method. 


FORMATION OF THE SEISMIC PULSE 


Consider first the generation of the initial seismic pulse at the shotpoint. 


(a) 
(b) 


(d) 


The dynamite explosion itself produces an intense pressure pulse of very 
short duration, measured in fractions of a millisecond. 

The wall rock or material surrounding the explosive charge is subjected 
to intense stresses exceeding the elastic limit for some distance out from 
the charge. In most cases the material flows “‘plastically,” i.e., it goes 
through a non-linear stress-strain cycle (Lampson, 1945). Figure 2 illus- 
trates schematically the behavior of a unit volume of wall rock material 
originally in physical state Vo, So, subjected to stress changes AS and 
volume changes AV by the passage of the intense explosion pressure 
pulse. It should be noted that the physical condition of the rock material 
suffers a permanent change. The final point of intercept on the —AV 
axis represents the permanent decrease in volume due to collapse of void 
spaces in the wall rock material. 

The velocities of propagation of various parts of the stress wave are pro- 
portional to the corresponding slopes of the stress-strain curve in Figure 2. 
The initial portion of the wave travels with a velocity characteristic of 
the medium and proportional to the curve slope near Vo, So. However, the 
high stress levels of the wave travel at a lower velocity proportional to 
the lesser slope near the crest of the stress-strain curve, and hence fall 
behind the initial part of the pulse. Because of this delay, and other 
mechanical factors related to the spherical divergence of the wave (Dix, 
1949), the initial short duration pressure pulse of the dynamite explosion 
is ultimately transformed into a seismic pulse of considerably longer dura- 
tion. This transformation is illustrated in Figure 3. 

It is significant to note that the ‘“‘time break” as usually recorded on the 
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seismogram corresponds to the instant of explosion and the “‘front”’ or 
“first break” of the traveling pulse. However, in the process of transfor- 
mation of energy into the primary seismic pulse there is introduced an 
actual time delay (Figure 3). The “‘bulk” of the pulse energy is delayed 
and appears in the large excursions several milliseconds after the instant 
corresponding to the “‘time break.”’ The magnitude of this seismic pulse 
delay is of the order of one half the width of the seismic pulse. This delay, 
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Fic. 2. Stress-strain curve of rock material during passage of intense explosion pressure pulse. 


(e) 


of ‘‘mechanical” origin, is in addition to the electrical and electrome- 
chanical time delays occurring in the seismograph recording instruments. 
The form of this primary seismic pulse or ‘“‘wavelet” has been carefully 
studied by Norman Ricker (1953@) and others. In general it will vary in 
breadth and duration depending on charge size and the type of material 
in which the charge is detonated. Also, as the pulse travels through the 
ground, it slowly loses its high-frequency content and increases in 
breadth. In some cases it may also be followed by an inverted smaller 
pulse resulting from reflection of the initial pulse from the surface of the 
ground or base of the weathered layer (Van Melle and Weatherburn, 
1953). Nevertheless, for the sake of simplicity we may consider that the 
primary seismic pulse incident on various rock layers in the ground is 
ideally of the general shape indicated in Figure 3, with a typical period 
in the range of 0.010 to 0.030 seconds. 
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Fic. 3. Diagram illustrating transformation of dynamite pressure pulse into seismic pulse, 
and the attendant time delay. 


THE REFLECTION PROCESS e 


We consider next the process of reflection of the downward-traveling primary 
seismic pulse. For the purposes of the present discussion, we will consider that 
the seismic pulse (once formed) propagates through the earth and reflects from 
rock strata in accordance with essentially linear laws. It will be appreciated later 
that this assumption allows the earth to be represented by linear analogue appa- 
ratus. Also, for the sake of simplicity we will disregard the generally spherical 
form of the wave front and treat the problem as that of a plane wave traveling 
vertically downwards in a direction perpendicular to flat-lying rock strata. If the 
wave is initially traveling in rock of density p; and seismic wave velocity 1, and 
then passes into rock of density p2 and velocity ~, a portion of the energy in the 
wave will be reflected at the interface and the remainder will be transmitted. 
This reflection process is diagrammed schematically in Figure 4. 

Seismic wave travel time related to depth in the ground is scaled vertically 
downwards and elapsed time in the sense of measured time on the seismogram is 
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scaled horizontally. The downward-traveling incident wave is partially reflected 
by the abrupt change in rock density and velocity. For the case of normal inci- 
dence, the reflected and transmitted pulses have identically the same shape and 
breadth as the incident pulse, but differ in amplitude. The ratio of the amplitude 
of the reflected wave to that of the incident wave is termed the “reflection 
coefficient.” The reflection coefficient R has the value given by the expression 


A; 
P2v2 — 


+ pidy 


This expression as written refers directly to ‘pressure amplitude.” In the case 
when A refers to particle velocity, the polarity of this quantity must be defined 
in reference to the direction of wave travel. The relationship illustrates that the 
amplitude of the reflected pulse is determined by the change in the density- 
velocity product between the two rock layers. This product is commonly referred 
to as the ‘‘acoustic impedance”’ of the rock. Thus we say that the reflection of 
seismic waves results from variations in acoustic impedance of the rock medium 
in which the wave travels. Figure 4 illustrates the case of a single-step variation 
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Fic. 4. Schematic illustration of the reflection process for a single acoustic interface. 
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in acoustic impedance, as indicated in the strip graph at the left hand side. 

In addition to specifying the amplitude of the reflected wave, the above ex- 
pression also indicates that the algebraic sign associated with the reflection co- 
efficient depends upon the relative values of the acoustic impedance of the media 
adjacent to the interface. In particular, when the incident wave is propagating 
from a medium of low acoustic impedance into one of higher acoustic impedance, 
the corresponding reflection coefficient is positive. In this case, the incident, 
reflected, and transmitted waves will all have the same phase or “polarity.” On 
the other hand, when the wave travels progressively from a medium of higher 
acoustic impedance into one exhibiting a lower value, the corresponding reflection 
coefficient is negative. When this situation exists, both the incident and trans- 
mitted waves have the same polarity, but the polarity of the reflected wave is 
reversed. 


The Logarithmic Approximation 
At this point we can accomplish a significant simplification by introducing 
an approximate expression for the reflection coefficient, namely 
Ay — pity 
A; + 
(pv) 


L 2(pv) 


A,= A log 
where 

p =rock density 

v =rock velocity 

A is “incremental change in.” 
In using this expresion we may picture the earth as built up of a large number 
of very thin rock layers, each with a different value of acoustic impedance (2). 
Then the above expression may be interpreted as stating that the amplitude of the 
wave reflected by each incremental change or “‘step’’ in acoustic impedance is pro- 
portional to the corresponding incremental change in the value of the logarithm of 
acoustic impedance. For the sake of simplicity, the progressive change in ampli- 
tude in the seismic pulse as it travels downwards is disregarded. Although only 
an approximation, this expression holds very closely, even for quite large-step 
changes in the value of the acoustic impedance, as illustrated in Figure 5. The 
utility of the expression will become apparent as discussion proceeds. 

Consider next the situation arising from two changes in acoustic impedance, 

as diagrammed in Figure 6. In this case, the upper “step” change represents an 
increase in the value of the acoustic impedance, while the lower step corresponds 
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Fic. 5. Illustration of the wide useful range of the logarithmic approximation. 
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Fic. 6. Schematic illustration of the reflection process for two acoustic interfaces. Note the 
inversion of the wave reflected from the lower interface. 
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to a decrease. Consequently, the two resulting reflected pulses have opposite 
polarities. In addition, other small multiply reflected pulses could be shown, but 
these are disregarded here for the sake of simplicity. 


REFLECTION PROCESS IN THE LAYERED EARTH 


In the actual earth we rarely, if ever, have situations as simple as those de- 
picted in Figures 4 and 6. Detailed velocity data available from continuous 
interval velocity surveys indicate that acoustic impedance varies almost con- 
tinuously with depth, in direct relation to the type of rock. Figure 7 illustrates 
a typical relationship between lithologic, velocity, and electrical resistivity well 
logs. It is apparent that in contrast with the case of a few simple “steps’’ in 


Fic. 7. Comparison of lithologic, interval velocity, and resistivity well logs. 
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rock velocity, we are confronted with a more complicated problem in analyzing 
the actual reflection process. The principles involved, however, are the same as 
discussed before. Even if the graph of the logarithm of acoustic impedance versus 
travel time or depth is essentially a continuous curve, we may consider it built 
up of a large number of small steps. In principle these steps may be thought of 
as occurring at infinitesimally small depth intervals, but in practice they need 
only be closely spaced compared with the shortest wavelength of interest (Wolf, 
1937). Then, as shown in Figure 8, each small step may be considered to give 
rise to a small reflected pulse of appropriate amplitude and polarity, and the 
reflected wave energy observed at the surface is the summation of all these small 
individual reflected pulses. Here again in the interest of simplification we are 
disregarding the many multiple reflections arising in a layered medium, as well 
as the progressive change in amplitude in the downward-traveling primary seismic 
pulse. 

In principle, the summation of the many individual layer reflection contribu- 
tions can be carried through by numerical methods, using adding machines or 
digital computing devices. Usually, however, the process can be carried out 
much more conveniently and efficiently by the use of an analogue type com- 
puter. 
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Fic. 8. Schematic illustration of the reflection of a seismic pulse from an acoustic impedance 
distribution exhibiting continuous variation. 
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PRACTICAL SYNTHESIS APPARATUS 


Figure g shows a portion of United Geophysical Corporation’s SEISYN 
COMPUTER, an analogue computer for the synthesis of reflection seismograms 
from basic well log data. 

The several SEISYN components are illustrated schematically in the block 
diagram of Figure 10. The functions of these components are briefly discussed in 
the following paragraphs. 

The first step in the computing process is the introduction into the SEISYN 
apparatus of the basic information concerning the variation of acoustic imped- 
ance of rock strata with depth, or rather with vertical travel time of seismic 
waves. This operation can be carried out in several ways, but only one method 
will be described here. A strip graph is made with the logarithm of acoustic 
impedance plotted against twice the vertical travel time. Since the acoustic 
impedance is equal to the numerical product of rock density and rock velocity, 
detailed well logs of both density and velocity would be desirable. However, it 
is usually not necessary to have both logs available in order to synthesize seismo- 
grams satisfactorily. In fact, if the rock density and velocity are related approxi- 
mately by any general expression of the form 


p = kv” 


Fic. 9. Photograph of a portion of a model of the SEisyN CoMPUTER. 
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then it is apparent that the logarithm of the density-velocity product is equal to 
a constant plus (w-+1) times the logarithm of the velocity alone. Moreover, it is 
not necessary that the values of & and m remain strictly invariable. It is sufficient 
that they be reasonably constant over intervals in the well corresponding ap- 
proximately to the longest wavelengths of interest. Therefore, a detailed continu- 
ous velocity log will usually suffice for the purpose of plotting the strip graph. 
The graph is photographically reproduced on film with the included area on 
one side of the curve “‘blacked in,’”’ and the area on the other side transparent. 
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Fic. 10. Block diagram of SEIsyN COMPUTER. 


The film strip is then photoelectrically scanned at an appropriate speed in the 
SEISYN apparatus to produce an electrical signal proportional to the logarithm 
of acoustic impedance. This signal is amplified and passed through a pulse- 
forming circuit so designed that an applied single voltage step corresponding to 
a single step in acoustic impedance produces a single seismic-type pulse corre- 
sponding to the pulse reflected from a single rock discontinuity. Since the strip 
graph is considered to be built up of a large number of small steps, each indi- 
vidual step will produce a reflected pulse of correct amplitude and the resulting 
output of the pulse-forming circuit will be the summation of pulses from all 
incremental steps in acoustic impedance. Furthermore, since the strip graph is 
plotted to twice travel time scale, each incremental reflected pulse will have an 
appropriate time delay corresponding to the reflection time from the shot origin 
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to the point of reflection and return. Thus the output signal of the pulse circuit 
automatically represents the synthetic or predicted ground motion, usually 
thought of in terms of ground particle velocity at the surface geophone location. 
This information can be photographically recorded on channel B of Figure ro. 

To incorporate the action of the seismograph recording system, this com- 
posite ground motion signal may be used either to drive a shaking table on which 
geophones are placed, or it may be introduced into an electrically equivalent 
geophone circuit to accomplish the same purpose. In either case, the resulting 
geophone output signal is introduced into a seismograph amplifier having appro- 
priate filter characteristics. Then the amplifier output signal is recorded in con- 
ventional fashion on an oscillograph record, usually in bridled form on several 
traces so that it can be compared directly with an actual seismogram taken in the 
field at the well location. 


Examples of Synthetic Seismograms 


At the time of writing of this paper, only a limited number of synthetic 
seismograms have been prepared for comparison with actual field seismograms 
recorded at the corresponding well locations. In view of the several simplifications 
and approximations utilized in the process, it would not be surprising if agree- 
ment between actual and synthetic seismograms were less than perfect. However, 
experience to date provides every indication that the principal features of actual 
field seismograms exclusive of seismic ‘‘noise”’ can be predicted with fair precision 
by synthesis from continuous interval velocity well data. In cases where reflection 
events observed on the actual record are not indicated on the synthetic record, 
the lack of agreement may in itself be significant. The possibility of multiple 
reflections or other such phenomena may be indicated. 

Comparisons of corresponding actual and synthetic seismograms for two field 
examples are shown in Figures 11 and 12. In each case the upper panel shows 
portions of the actual field seismogram; the second panel shows the corresponding 
synthetic seismogram recorded with identical geophones and filters; the third 
panel of Figure 11 illustrates the lithologic and continuous interval-velocity well 
logs plotted versus two-way vertical travel time; and the fourth or lower panel 
shows the synthetic seismogram advanced in time to compensate for the time 
delay in the over-all reflection seismograph process. The same time delay is present 
in both field and synthetic seismograms. In the case of the field seismogram, 
part of the delay is ‘‘mechanical”’ in origin, and originates in the process of 
transformation of the initial dynamite pulse into the primary seismic pulse. In 
the synthetic seismogram, the same time delay originates electrically in the 
“shot pulse circuit.’’ In both cases, the geophones and amplifiers introduce time 
delays of electrical and electromechanical origin. 

In Figure 11 two of the principal reflection events are timed at .358 and .513 
seconds. The corresponding times on the synthetic record are .358 and .510 sec- 
onds. Particularly in the case of the .358 second reflection event, the similarity in 
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LITHOLOGIC LOG 
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Fic. 11. Example of the correlation observed between a portion of a synthetic seismogram and the 
corresponding portions of a field seismogram and the lithologic and interval velocity well logs. 


waveform details between the field and synthetic seismograms is very close. On 
the lower panels of Figures 11 and 12, a good degree of correlation exists between 
the continuous interval velocity log and the synthetic seismogram traces. This 
result is to be expected within the frequency limits of the seismic pulse spectrum 
and the recording system transmission characteristics. 

The field seismogram of Figure 12 was recorded in an area of poor record 
quality, due to highly irregular near-surface conditions and a consequent high 
level of ‘‘noise” and scattered energy. Also, the shotpoint and geophone spread 
were located approximately 2100 feet from the well location in which the con- 
tinuous interval velocity data were obtained. Nevertheless, there appears to be 
general agreement for the two principal events, with corresponding times of 
.655 versus .643 seconds and .807 versus .792 seconds respectively. In the lower 
panels of Figure 12, the continuous interval velocity log is drawn with polarity 
opposite to that of Figure 11, and the correlation with the synthetic seismogram 
traces is best for this choice. This situation will be discussed more fully later 
in reference to problems of phase characteristics. 

Up to this point the principal steps in the process of seismogram synthesis 


528 

vv vay 


SYNTHESIS OF SEISMOGRAMS FROM WELL LOG DATA 529 


have been briefly described. In the following, the discussion of some of the steps 
will be expanded, and some general conclusions will be drawn. 


Choice of Seismic Pulse Network Characteristics 


Consider again the seismic pulse. In field procedure it is formed by an ex- 
plosion in the shot hole. The shape of the resulting pulse and its duration are 
largely controlled by the size and depth of charge and by the physical properties 
of the wall rock. In the SE1syn analogue apparatus the seismic pulse is simu- 
lated by passing a step voltage through an electrical network. Normally, this 
network can be a band-pass filter having adjustable low and high frequency cut- 
off points and variable attenuation slopes. In principle, then, various shot hole 
parameters are simulated by adjustment of the several filter parameters. The 
proper selection of these parameters is, of course, the practical problem. 

There are two general approaches to this problem. The ideal situation is one 
in which it is possible to obtain a “‘true”’ pressure recording of the down-traveling 
seismic pulse simultaneously with the recording of the field seismogram over the 
well. This approach calls for a pressure geophone at appropriate depths in the 
well and associated equipment for recording the seismic pulse from surface shot 
holes. Then in the SErsyn process, the electrical-analogue ‘‘seismic-pulse”’ 
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Fic. 12. Example of the correlation observed between a portion of a synthetic seismogram and 
the corresponding portions of a field seismogram and the lithologic and interval velocity well logs. 
This area is one of poor record quality but major events appear to correlate. 
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filter can be adjusted until the output pulse produced by a step voltage input 
matches the pressure pulse observed in the well. 

However, in many cases when the seismic pressure pulse data are not avail- 
able, another approach must be followed. This alternative method consists of 
“cut-and-try” selection of the seismic pulse filter parameters until the best ‘‘fit” 
is obtained between the synthetic and actual field seismograms. This procedure 
appears to work out quite well in practice. 

Figure 13 shows a comparison for the same well, between a seismic pulse 
recorded by a deep-well pressure geophone, and the electrical-analogue seismic 
pulse incorporated in the synthesis of the seismogram shown in Figure 11. In 
this case the deep-well pressure geophone recording was made during a con- 
ventional well velocity survey, while the field reflection seismogram of Figure 
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Fic. 13. Comparison of SEIsyN pulse and seismic pulse recorded in a deep well. 


II was recorded at another time. Nevertheless, the electrical analogue pulse, 
arrived at by cut-and-try procedures to give the best fit to the field seismogram, 
closely resembles the observed pressure pulse. 


A More Complete Analogue 


In many cases the electrical analogue seismic pulse arrived at by the cut- 
and-try process is more complicated than actual pressure pulses observed in the 
well. The reason is probably to be found in the presence of other complicating 
factors. For example, the weathered layer through which the reflected waves 
must pass has transmission velocities highly contrasting with the rocks below 
and the air above. Under certain conditions, strong multiple reflection phenomena 
can take place, with the result that the weathered layer takes on the characteris- 
tics of a frequency selective wave filter (Wolf, 1940). Accordingly, a more com- 
plete analogue computer should include a filter unit to simulate the filtering 
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action of the weathered layer. This filter is shown in block diagram form in Figure 
14. However, since there are rarely sufficient field data to determine the charac- 
teristics of such a filter directly, it is necessary to consider its effects to be com- 
bined with those of the shot-pulse filter. The combined units are outlined by a 
dashed line block labeled SE1IsyN PutsE Network in Figure 14. In addition, 
there may be other frequency-selective elements in the complete seismic re- 
flection recording process, such as the mechanical coupling between the geophone 
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Fic. 14. Block diagram of “complete” Szisyn CoMPUTER. 


and surface soil. Such effects again may be considered as combined or included 
with others in the SE1isyN PuLtsE NEtTWorRK, and are thus incorporated in the 
final result through the cut-and-try procedure previously described. 


RELATIONSHIP BETWEEN SEISMOGRAMS AND WELL LOGS 


Consider another aspect of the seismogram synthesis process, that is, the 
close selationship observed between the traces of a reflection seismogram and a 
well log of lithology versus depth. In the actual reflection seismograph process, 
we normally think of an over-all ‘‘system” in which the seismic pulse generated by 
a shot-hole explosion is the “input signal.’”’ The earth corresponds to a “trans- 
mission line” or medium, and the geophones and amplifiers constitute the re- 
ceiving end of the transmission system. 

On the other hand, by utilizing the electrical analogue process presented here, 
we arrive at the same end result, but with a different arrangement of ‘‘compo- 
nents.” In particular, the layered earth which is the ‘‘transmission line” in the 
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actual seismograph process, becomes the “‘input signal’’ in the analogue process. 
Moreover, since acoustic impedance is one of the physical properties of rocks, 
we can say, in effect, that the “‘lithologic” well log, plotted against travel time 
rather than depth, is the input signal to the reflection seismograph system, and 
that the reflection seismogram is the output signal. Figure 15 illustrates this 
viewpoint. In the light of well known electrical circuit behavior, this manner of 
looking at the reflection seismograph process is particularly helpful in recognizing 
the detailed and controlling influence of lithologic sequence on the reflection 
seismogram. It is first of all apparent that the frequency-selective filters of the 
seismograph amplifier and the frequency spectrum of the primary seismic pulse 
have a controlling influence on the seismogram. However, it is even more signifi- 
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Fic. 15. Illustration of relationship of well log to reflection seismogram. 


cant to note that the sequence, timing, periods, and ‘‘form”’ of the reflected waves 
on the seismogram, i.e., the output signals, are directly controlled by and are 
correlative with the “lithologic” well log plotted to appropriate time scale, 
i.e., the input signal. With due allowance for the time delays and frequency dis- 
crimination inherent in the recording system and seismic pulse frequency spec- 
trum, it follows that individual “peaks” and ‘‘troughs” on the seismogram cor- 
respond to individual high or low velocity zones in the lithologic section. Wide 
peaks or troughs correspond to “thick” beds or velocity zones, and narrow peaks 
or troughs correspond to ‘‘thin”’ beds or zones. 

It is of interest to note that if the over-all reflection seismograph system were 
completely “high fidelity,” that is, if it transmitted all frequencies equally well 
and introduced no ‘“‘noise,”’ the output signal would exactly duplicate the input 
signal. In other words, the reflection seismogram trace would be an accurate 
facsimile of the well log (logarithm of acoustic impedance plotted to twice vertical 
travel time). Actually this idealized situation is never realized because it would 
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require that the primary seismic pulse be a simple “step wave,” and also, that 
the recording instrumentation be completely “broad band.” In the field opera- 
tions, the presence of extraneous seismic waves and incoherent ‘‘scattered”’ 
seismic energy usually requires the use of frequency selective filters in the record- 
ing system. However, as we know from experience with other “imperfect” 
transmission systems, the output signal can still bear a reasonable similarity to 
the input signal. In this sense the reflection seismogram is a “‘reasonable fac- 
simile” of the well log, within the limits of the frequency band passed by the 
over-all system. This fact is borne out in Figures 11, 12, and 15. 

In Figure 16 a hypothetical well log has been constructed to illustrate the 
principles of the relationship between lithology and the corresponding seismo- 
gram. Particularly idealized situations have been chosen to show the nature of 
the relationship in some detail. The early or shallow part of the well log depicts a 


DISPLACED 


| 


Fic. 16. Hypothetical well log and corresponding seismogram, illustrating principles of relationship. 


sustained alternating series of relatively high and low velocity beds, for example, 
sandstone and shale. This series ends at A, and is followed by an extended low 
velocity zone to depth B. Below this depth is a continuous high velocity zone, 
for example, limestone, with low velocity “shale” beds at CD, EF, and GH. 
Above the hypothetical well log of Figure 16 is plotted the corresponding syn- 
thetic seismogram. Relatively wide frequency spectrum seismic pulse and ampli- 
fier filters have been employed. It will be noted that the seismic traces are de- 
layed approximately .o17 seconds relative to the well log. In typical field practice, 
total delays of .o25 to .o55 seconds or more are commonly observed. This total 
delay represents the sum of the mechanical delay inherent in the primary seismic 
pulse and the electrical and electromechanical delays in the recording system. 
For comparison purposes the well log trace has been displaced .017 seconds 
to the right and replotted above the seismic record traces. Corresponding fea- 
tures can then be correlated directly. Peaks on this seismic record correspond 
directly to velocity maxima on the well log, and troughs correspond to velocity 
minima. It is interesting to note that the seismic reflection wave frequency in 
the early part of Figure 16 is independent of both the frequency characteristics of 
the seismograph recording system, and the spectrum of the primary seismic 
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pulse. A sinusoidal input signal invariably produces a sinusoidal output signal of 
identical frequency (assuming linear operation). Since the frequency spectrum of 
this particular input signal, in the sense of Figure 15, contains essentially only 
a single frequency component rather than a continuous band of frequencies, no 
change in “character”? can be produced by selective filter action. For example, 
wavelet contraction and wavelet expansion type filters cannot produce their 
effects on this type of input signal. 

Consider next the low velocity interval AB. The preceding rock velocity 
variations terminate at A, or A’’, and the velocity remains essentially constant 
to B. Likewise the corresponding reflected waves ‘“‘terminate” at A’, but not as 
abruptly as in the case of the well log. This effect is due to the ‘‘transient” be- 
havior of the seismic amplifier filter and recording system, and to the “‘oscillatory” 
form of the primary seismic pulse. Ideally the seismogram would exhibit a quiet 
zone from A’ to B’, but in actual practice the interval will be occupied by ex- 
traneous seismic waves and “‘noise.”’ 

The sudden increase in rock velocity at B gives rise to the reflected wave at B’. 
It is interesting to note with reference to the displaced well log trace that the 
“upsweep”’ in velocity at B’’ is correlative with the “upsweep” from trough to 
peak marked with the slant line at B’, rather than the small “peak’’ some .o10 
seconds earlier. This earlier energy may be regarded as part of a ‘“‘precursor” 
resulting from filter limitations, in the same way that the energy following the 
slant line may be regarded as a “‘tail’”’ similarly resulting from filter limitations. 
The case of a single “‘step” in velocity corresponds to an input signal with a very 
broad frequency spectrum. The frequency pass band of the filter system is by 
comparison very limited. Hence the ‘“‘output signal” on the seismogram can only 
be an imperfect facsimile of the input step wave signal. 

The low velocity ‘‘shale” beds at CD, EF, and GH are correspondingly repre- 
sented on the seismogram by “troughs” bordered by slant lines at C’D’, E’F’, 
and G’H’. Norman Ricker (19530) has clearly described the principles controlling 
the degree of resolution obtainable. 

Figure 17 provides a further illustration of the relationships between the 
seismogram and lithology. As in Figure 16 the early part of the log represents 
alternating high and low velocity beds. The corresponding seismogram and dis- 
place d well log are plotted above as in the case of Figure 16. However, a somewhat 
more narrow filter has been used, and the time delay correction in this case is 
.027 second. It is to be noted that although the boundaries between successive 
beds are ‘“‘sharp” rather than sinusoidal as in Figure 16, the seismogram is never- 
theless essentially sinusoidal. The sharp formation boundaries represent a high 
frequency content in the input signal, which is not passed by the relatively nar- 
row filter system. Hence, essentially only the “fundamental” frequency corre- 
sponding to the basic lithologic sequence is recorded. The abrupt changes in 
bed thicknesses at J and J are approximately depicted on the seismogram at J’ 
and J’. 
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Tuning and Reinforcement Effects 


In addition to general frequency effects, a “tuning” or “reinforcement” 
phenomenon may occur for certain relationships between bed thickness and the 
maximum response frequency of the combined seismic pulse filter-geophone- 
amplifier system. In particular, for the case of beds of alternating high and low 
velocity, a bed thickness of one half wavelength computed in terms of two-way 
travel time and peak frequency of the above system will result in a considerable 
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Fic. 17. Hypothetical well log and corresponding seismogram 
further illustrating principles of relationship. 


increase in reflection amplitude. If velocity contrasts are strong, the effect may 
be further enhanced by multiple reflection phenomena within the rock layers. 

This reinforcement or tuning effect is illustrated at M’N’ in Figure 17 and is 
also apparent in Figures 11 and 12, where it will be noticed that the strongest 
reflection events correspond to alternating sequences of high and low velocity 
strata of appropriate thickness. In fact, it can probably be assumed that when 
“noise” is not the controlling factor, the seismograph observer often obtains his 
“best appearing” records by empirical cut-and-try adjustment of filters and 
shooting procedures to “‘tune in” with the thickness of certain sequences of strata 
of alternating high and low velocities. 

Examination of synthetic seismograms leads to the observation that a “‘con- 
tinuous train” of reflected waves is usually to be expected. In practice, there are 
usually no true “beginnings” of individual reflection events, but rather successive 
“swelling” and “pinching” of envelope amplitude, corresponding to “tuning” 
effects between bed thickness and the over-all system frequency characteristics. 
In effect, every peak and every trough represents reflected energy corresponding 
to variations in rock velocities. In actual field seismograms, extraneous ‘‘noise”’ 
is also present, and only the stronger reflection events are visible, the lesser 
events being “lost” in the background of noise. 
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TIME DELAY AND PHASE DISTORTION CORRECTION 


The close relationship between the reflection seismogram and the correspond- 
ing well log raises the question: Can this relationship be improved or even made 
exact through the use of suitable corrective filters and networks? In general, 
rather severe limitations are imposed on this approach by the presence of extrane- 
ous noise. It is apparent that if the signal-to-noise ratio is less than unity in cer- 
tain attenuated frequency bands, the restoration of response in these bands may 
only succeed in bringing up the ground noise level relative to the signal. However, 
interesting possibilities exist in the correction of over-all phase distortion in the 
system. 

The general result of phase distortion is to cause different frequency compo- 
nents to suffer different time delays. In particular, this factor may be considered 
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Illustration of similarity between velocity and resistivity logs. 
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in the light that reflected energy from thin beds or strata experiences a different 
time delay than reflected energy from thick beds. Such distortion, of course, weak- 
ens and confuses the relationship between the reflection seismogram and the 
corresponding well log. In making corrections for phase distortion, it is desirable 
to correct over-all distortion including the geophone and amplifier, as well as a 
phase distortion which may be inherent in the shape of the seismic pulse. Syn- 
thetic seismogram studies are particularly helpful in arriving at data necessary 
for devising methods of over-all correction of the phase distortion in the entire 
system. 

In addition to time delay effects, phase distortion can cause confusion as to 
“polarity” relationships between input and output signals, in this case between 
the well log and the reflection seismogram. As noted in the discussion of Figures 
11 and 12, the closest correlations between seismogram traces and well log re- 
quired an inversion of polarity (and accompanying change in time delay correc- 
tion as in the case of Figure 12.) Presumably, this situation results when the tan- 
gent intercept of the phase shift curve for the entire system falls near an odd 
multiple of 180°. It is of interest to note that polarity “inversion” can result from 
the form of the primary seismic pulse, as well as from the phase characteristics 
of the recording instruments. 


SEISMOGRAM SYNTHESIS FROM OTHER TYPES OF WELL LOG 


As a final topic, it is of interest to note the close relationship observed in 
many instances between rock velocity and electrical resistivity. Figure 18 illus- 
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Fic. 19. Comparison of seismograms synthesized from velocity and resistivity logs. 
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trates the close similarity between the electrical resistivity log and continuous 
interval velocity log for a particular well. This similarity suggests the possibility 
of constructing synthetic seismograms from resistivity and other logs as well as 
continuous velocity logs. Figure 19 compares a synthetic seismogram made in 
this fashion with the field seismogram of Figure 12. Also shown is a seismogram 
synthesized from the continuous velocity log of the same well. In this particular 
case the agreement between the “resistivity seismogram” and the actual field 
seismogram is substantially as good as the agreement between the ‘‘velocity 
seismogram”’ and field seismogram. It is believed that refinements in the tech- 
nique of employing resistivity and other logs may even further extend the useful- 
ness of the seismogram synthesis procedure. 
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A NEW METHOD OF PATTERN SHOOTING* 


J. O. PARR, Jr.f anp W. H. MAYNE{ 


ABSTRACT 


In areas where reflection shooting is difficult, it is often necessary to attenuate the energy in a 
broad continuous band of disturbing wavelengths to less than a few hundredths of what would be 
recorded if all units were bunched together. The wavelength band of the attenuated energy should be 
adjacent to the band of reflection wavelengths received. Attenuation of the undesired energy is best 
accomplished with multiple detectors or charges. In many areas the pattern should attenuate energy 
horizontally propagated in all directions, not just in the direction of the detector line. Neither a 
finite number of uniformly effective, uniformly spaced units in line nor a uniformly effective sheet of 
finite length will accomplish this result. A system for gradation of the effectiveness of units described 
in this paper does produce this result (not only for in-line disturbances but also for disturbances 
coming in from the side of the line). The attenuation band can be made broad with good attenuation 
or narrower with still better attenuation, as desired. The variation of effectiveness can be applied to 
detectors or charges arranged in a horizontal line, over a horizontal area, in a vertical line, or over a 
vertical area. The principle of varying effectiveness can also be applied to reversed-polarity detectors 
in order to accentuate certain apparent wavelengths. 


INTRODUCTION 


Because of the growing importance to the oil industry of the many areas in 

which reflection quality is poor (Lyons, 1954), a study was made to determine: 

(1) What are the requirements of a system to obtain satisfactory records in 
these areas? 

(2) What are the characteristics of equipment and methods, including multi- 
ple detectors and charges presently used for this purpose? Special atten- 
tion was devoted to the limitations of the present techniques. 

(3) How can a system be set up to meet these requirements with a minimum 
of components? 


REQUIREMENTS 


A partial summary of the requirements of a system that will yield satisfactory 
records in difficult shooting areas is as follows: 

(1) A continuous band of wavelengths should be attenuated, even for a single 
disturbance. Any one disturbance may consist of a band of wavelengths 
rather than a single wavelength. Components of different frequency from 
a single disturbance often travel at different velocities, and this effect is 
called dispersion. Dispersion has been identified for a long time in waves 
from earthquakes and it frequently is observed in surface waves from 
shots of the type used for reflection surveys.! 


* Presented at Gulf Coast Regional Meeting of the Society May 14, 1954. Manuscript received 
by the editor August 31, 1954. 

+ Petty Geophysical Engineering Company, San Antonio, Texas. 

1 Dobrin (1951), Dobrin et al. (1951 and 1954), Eisler (1952), Ewing and Press (1950), Haskell 
(1951a), L. G. Howell (19532), Jardetzky (1952), Keller (1954), Press and Ewing (1951¢ and b), and 
Tolstoy (1953). 
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(2) The band of wavelengths to be attenuated must sometimes be very wide 
in areas where it is necessary to eliminate a series of disturbances. Such 
a series of disturbances may start shortly after the initial arrivals and last 

me. throughout the record. First the longitudinal waves are refracted from 

ee a series of shallow beds. They are followed by shear waves? which radiate 

; from the shotpoint and are reflected or refracted from the same series of 
shallow beds. Then Love and Rayleigh waves,’ the P-S wave,‘ air coupled 
waves,® sound waves, hole blow, and many other disturbances may be 
received. Wave guide phenomena® have been identified and are believed 
to exist much more frequently than has been generally recognized. This 
effect is often referred to as reverberation. Other disturbing waves’ have 
been described in the literature. The velocities of these waves vary from 
less than the speed of sound in air to more than 10,000 ft/sec, thus cover- 
ing a velocity range of more than ten to one. Often different types of 
disturbances arrive at the same time, so that it is hard to identify them 
separately. 

(3) When the frequency of the disturbing energy is appreciably different 
from the frequency of the desired reflections, selection can be made by 
electrical wave filters in the amplifiers. Unique ways of providing this 
selection have been described.? If, however, the frequency spectrum of 
the disturbing energy overlaps the frequency pass band of the instru- 
ments, further selection can only be made on the basis of wavelength. 
It is well known that a finite frequency pass band is required to pass 
transient reflection waveforms satisfactorily. Consequently, if we pessi- 
mistically assume that there are frequency components of the disturbing 
energy throughout the electrical filter pass band which are travelling at 
all possible velocities, then the wavelength band width to be attenuated 
becomes the product of the frequency pass band and the possible velocity 
variation. For example, if the instrument filters are set to pass a fre- 
quency band of 3 to 1, disturbing energy may have frequency compo- 
nents throughout this band and these components may be travelling at 


2 Dobrin et al. (1954), Fu (1946a@ and b), Horton (1943), Ricker and Sorge (1951), and Ricker 
(1953). 

8 Dobrin (1951), Dobrin et al. (1951 and 1954), Eisler (1952), Horton (1953), L. G. Howell et al. 
(1953a), and Press and Ewing (19510). 

4 Ricker (1944) and Ricker and Lynn (1950). 

5 Dobrin (1951), Dobrin et al. (1951), Jardetzky and Press (1952), Press et al. (1951), and Press 
and Ewing (1951a). 

6 Burg et al. (1951), Dobrin et al. (1954), L. G. Howell and Kean (19536), and Tolstoy (1953). 

7 Haskell (19510), Heelan (1953), B. F. Howell, Jr. (1949), L. G. Howell et al. (19532), Leet (1930 
and 1951), Thompson (1950), and White and Sengbush (1953). 

8 Frank and Doty (1953), Jakosky and Jakosky (1952), and Loper and Pittman (1954). 

® Dahm (1949). 
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velocities varying by a factor of 10 to 1. Hence the wavelength band of 
disturbing energy to be attenuated may be 30 to 1. 

(4) The band of wavelengths passed by the multiple units should be adjacent 
to the band of wavelengths attenuated. There should be no points of 
zero relative effect between the attenuation and pass bands. In other 
words, the usable portion of the attenuation band should be as near as 
possible to the usable portion of the pass band. While it may be necessary 
to attenuate long-wavelength disturbances, reflections having appreciable 
stepouts should not be attenuated even though the stepout makes their 
apparent wavelengths only a little greater. 

(5) The pattern may be required to attenuate disturbances in all directions. 
Disturbances which initially diverge from the line of shotpoints are often 
reflected or refracted back to the line.’ Ellis and Winterhalter (1952) 
give an especially good example of this occurrence. The persistence of a 
disturbance is often due to this effect. 

(6) Compositing or mixing has been used to attenuate disturbances, but it 
should only be used to give increased length to the detector pattern or 
variable effectiveness to the detector array so as to improve the character 
on an individual trace. It should not be used as a bridge to carry the 
seismologist from one trace to another. The same formulas to be shown 
later for effectiveness of detectors or charges apply also to mixing. 


UNIFORMLY EFFECTIVE UNITS IN LINE 


Attenuation of undesired waves by uniformly effective multiple detectors 
and charges (i.e., detectors all with equal sensitivity and charges all of equal 
strength) was described in Taylor’s patent granted in 1931 and Born presented 
a paper concerning it in 1935. Since then the number of publications" on this 
subject has been progressively increasing. 

Figures 1 through 3 show the relative effect for different wavelengths of 
uniformly effective units, uniformly spaced in line, as the number of units is 
increased successively up to eight units; these curves are presented for reference 
only. 

In these figures the ordinate is the relative effect of a group of units, which is 
defined as the ratio of the output of the spaced group to what it would be if all 
units were bunched at the center of the group. The abscissa is \/D, where \ is 
the apparent wavelength of the incoming signal, whether it represents reflections 


10 Deacon (1943), Higgins (1949), Johnson (1938), Krey (1952), Mansfield (1948), Quarles (1950 
and 1954), Robinson (1945), Rust (1954), and Swartz and Lindsey (1942). 

1 Blau (1936 and 1937), Born (1935), Hales et al. (1955), Hammond (1954), Johnson (1939), 
Klipsch (1936, 1941@ and 6), McCollum (1933), McDermott (1937), McKay (1954¢ and 5), Mitchell 
(1951), Mott-Smith (1937), Palmer (1954), Parr (1949 and 1955), Reynolds (1954), Rieber (1945), 
Rummerfield (1954), Rust (1954), Swartz and Sokoloff (1954), Taylor (1931), Truman (1933), and 
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RATIO OF WAVE-LENGTH TO SPACING, )/D 


Fic. 1. The relative effect, R, of uniformly effective units with a uniform spacing in line as a 
function of \/D. d is the wavelength of the received energy, D is the spacing between the units, and R 
is the ratio of the relative effect of the spaced units to what it would be if all units were bunched 
at the center of the group. The solid line shows the relative effect of two units (detectors or charges). 
The dashed line shows the relative effect of three uniformly effective units. The dotted line shows the 
relative effect of four uniformly effective units. 


or disturbances. D is the distance between units. The attenuation band width 
is defined as the ratio of the longest to the shortest wavelengths between which 
a prescribed relative effect is not exceeded, and there should be no points of zero 
relative effect between the attenuation band and the pass band. The assump- 
tions are similar to those of Reynolds (1954). 

Figure 4 shows the relative effect of a horizontal, continuous, uniformly 
effective unit of finite length Z. Various designs for such units have been pro- 
posed.!? The response of this unit is an important consideration since it is the 
limit that is approached as the number of uniformly effective units is increased. 
The abscissa is now \/L, where L is the length of the unit. The ordinate is the 
same as before. There is a cancellation point at \/L=1, but when A/L=2/3 


12 Alexander (1953), Clewell and Simon (1951), Foster (1952), Olsen (1953), Prescott (1937), 
Rieber (1945), and Sherar (1938). 
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Fic. 2. Same as Figure 1 except that the solid line represents the relative effect of five uniformly 
effective units and the dashed line shows the relative effect of six uniformly effective units. 
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Fic. 3. Same as Figure 1 except that the solid line represents the relative effect of seven uniformly 
effective units and the dashed line represents the relative effect of eight uniformly effective units. 
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there is a peak at .212 relative effect. When \/L=1/2 there is another cancella- 
tion point, and successive cancellation points occur at A\/L=1/3, 1/4, 1/5, etc. 
Additional peaks occur where \/L=2/5, 2/7, 2/9, etc. The relative effects at 
these successive peaks are approximately .127, .og1, .071, .058, .048, .042, etc. 
However, it is not until \/Z is less than .10 that the relative effect at the peaks 
is less than .o30. This means that in order to attenuate the energy to less than 
.030 relative effect over a wide band, this hypothetical unit would have to be 
more than ten times as long as the longest wavelength in the band to be attenu- 
ated. If the relative effect for wavelengths 250 ft or less is to be reduced to less 
than .030, this hypothetical unit would have to be over 2,500 ft long. What it 
would do to reflections having large stepouts is evident from the series of cancel- 
lation points on this graph. In the range of apparent wavelengths from 250 ft to 
2,500 ft, in which most of the reflection energy would be found, the attenuation 
of such a unit would range from almost 80 to 100 percent. Thus this hypothetical 
continuous unit would not look very promising for practical utility. 

Table I indicates how increasing the number of uniformly spaced, uniformly 
effective units in line from a small number does not appreciably decrease the 
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Fic. 4. Similar to Figure 1 except for a continuous uniformly effective unit of 
finite length, where Z is the length of the unit. 
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TABLE I 


MAGNITUDES OF THE FIRST FOUR PEAK RESPONSES ADJACENT TO THE PASS BAND FOR VARIOUS 
NUMBERS OF UNIFORMLY EFFECTIVE UNITS 


Relative effect 


Number of Attenuation 
Units Band Width 2nd 3rd 
Peak Peak 
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peak relative effect close to the pass band but does increase the attenuation 
band width. 
VARIABLY EFFECTIVE UNITS IN LINE 


Thus far our discussion has been confined to cases where the effectiveness 
at all shot or detector positions is the same. Woods (1953) and others have sug- 
gested arrangements of units which result in different effectiveness at different 
positions and some improvement in attenuation has been reported. By varying 
the effectiveness in a specified systematic manner as shown in the Appendix 
(Parr, 1955) it is possible to obtain the attenuation characteristics shown in 
Figure 5. The abscissa is the band-width W, which is defined as the ratio between 
the longest and the shortest wavelengths in the attenuation band. The ordinate is 
the maximum relative effect anywhere in the attenuation band. For example, 
with five units a band width of 1.5 can be obtained with a maximum relative 
effect of less than .oo5 within the attenuation band or, if preferred, a band 
width of 2.5 is available with a maximum relative effect of .o25. A band width 
of 3 could be obtained with a .o59 maximum relative effect. With ro units, a 
band width of 4 with a .oo5 maximum relative effect, a band width of 4.7 with 
.O1 maximum relative effect, or a band width of 7.3 with a .o6 maximum relative 
effect can be realized if the effectiveness of units is varied according to the 
formulae shown in the Appendix. 

These formulae and curves are derived from mathematical considerations 
which specify that all peaks within the pass band are equal in amplitude and 
alternate in polarity. It has been shown (Courant and Hilbert, 1931 and 1943) 
that the use of such criteria results in the widest possible band width for a given 
amplitude. This procedure also prevents coincidence of points of zero relative 
effect, and all arrays so specified will retain as many zero points as similar arrays 
with uniform effectiveness. A similar problem has been discussed by van der 


Maas (1954). 
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Figure 6 shows a plot of seven units with uniform effectiveness and also 
with two different patterns of variable effectiveness. The solid line is for uniform 
effectiveness. The dashed line is for variable effectiveness with a band width of 
4.5 and a .o53 maximum relative effect. The dotted line shows variable effective- 
ness with a band width of 3.5 and a .o2 maximum relative effect. On both the 
curves for variably effective units. the horizontal lines represent maximum rela- 
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Fic. 5. The maximum value of the relative effect R anywhere in the attenuation band (as a 
function of attenuation band width, W) that can be obtained for various numbers of units by stra- 
tegically varying the effectiveness of the units. 


tive effects within the wavelength ranges involved rather than the actual values 
of relative effect. 

Reynolds (1954) has shown that nineteen units with uniform effectiveness 
and spacing have curves of relative effect with peaks ranging from .214 to .053. 
The dashed line of Figure 6 shows how seven units can give this same best 
attenuation (.053) over the entire band width of 4.5 and also have the pass band 
very little removed from the attenuation band. The dotted line shows how seven 
units can attenuate a band to less than .4 of the best value for nineteen units, 
and do it better whenever a band width of 3.5 is adequate, since the pass band is 
adjacent to the rejection band. 


AREAL ARRAY WITH UNIFORM EFFECTIVENESS 


When energy is reflected or refracted back to the line of detectors in such a 
manner that it crosses the line at nearly right angles, the apparent wavelength 
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Fic. 6. A comparison of seven uniformly effective units with two choices of variable effectiveness 
for seven units. All units are uniformly spaced in line. The coordinates are the same as are used in 
Figure 1. The solid line is for uniformly effective units. The dashed line is for a variation of the 
effectiveness which produces an attenuation band width of 4.5 with a .o53 maximum relative effect. 
The dotted line is for a different choice for the gradation of effectiveness which produces an attenua- 
tion band width of 3.5 with a .o2 maximum relative effect. The horizontal portion of the graphs is the 
attenuation band and is equal to the maximum value which occurs in the band. 


is long regardless of the actual velocity. A linear array would be almost as 
vulnerable to side effects of this type as a single unit, and numerous patterns 
have been devised with the units deployed over an area so that some attenuation 
is obtained in all directions. The response of an areal pattern in a given direction 
can be obtained by considering the projection of the pattern upon the assumed 
direction of wave travel. For many of the patterns now in use the linear projec- 
tions have different effectiveness along lines with different azimuths. The areal 


patterns can be evaluated in different directions and an indication can be ob- 
tained of the over-all directivity. 


138 Alexander (1953), Bazzoni (1954), Farnham (1944), Hammond (1954), Hawkins (1953), 
McKay (1954a and b), Merton (1944), Palmer (1954), Parr (1955), Petty (1943), Poulter (1950 and 


1951), Prescott (1937), Reynolds (1954), Rummerfield (1954), Rust (1954), Sherar (1938), Simon and 
Heaps (1952), Wolf (1952), and Woods (1953 and 1954). 
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Fic. 7. The relative effect of a 13-unit star. The coordinates are the same as used in Figure 1. 
Note the difference between directions 1 and 2, and the amplitude of the peaks. 


Figure 7 shows the plan of a 13-unit star pattern. D, and D, are the effective 
values of D for directions 1 and 2 respectively. The relative effect of energy in 
“Direction #1” is shown by the solid line in the graph. There are only two cancel- 
lation points and there is a large peak (representing an effect over .23) between 
them. The relative effect of energy in “Direction #2” is shown by the dashed 
line of the graph. There are six cancellation points, but peaks as large as .31 are 
present in between. 

Other patterns have been described and partially analyzed (Reynolds, 1954), 
but it is obvious that these patterns leave something to be desired from the 
standpoint of attenuation efficiency. 


AREAL ARRAYS WITH VARIABLE EFFECTIVENESS 


In order to combine the full advantages of the method of variable effectiveness 
available with linear patterns and the omni-directivity of symmetrical areal 
arrays, the diamond or square pattern has been devised. This pattern is normally 
used with the line of shooting along the diagonal, and the effectiveness of the 
units may be varied as shown in Figure 8 for a 36-unit square, i.e., six units per 
side. 
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Fic. 8. Coefficients of effectiveness for 36-unit diamond based on 
linear choice FE, E2, 1.0, 1.0, E2, E; for six units. 


The values of Z, and E, can be selected from the formulae to give the desired 
band width or amount of attenuation (maximum relative effect in the attenuation 
band). 

The inset of Figure 9 shows the plan of a 36-unit diamond. ‘Direction #1”’ is 
perpendicular to a side. ‘‘Direction #2” is along a diagonal, which is the usual 
direction of the shooting line. D, and D, are the effective spacing for those direc- 
tions. F fectiveness of the units is varied in one of the prescribed manners. The 
solid line of the graph shows the worst attenuation, which is in “Direction #1” 
and the dashed line shows the best, which is in ‘‘Direction #2.”’ Directions in be- 
tween these have values of the same order, although a few special angles have 
much better attenuation in the shorter wavelengths since as the direction is 
changed, the effective number of units increases from six in ‘“‘Direction #1” to 
a total of thirty-six, and down to eleven along the diagonal. 


RECORD COMPARISONS 


Figures 1o and 11 are portions of records taken in southern Florida. Only the 
first portion of the records is shown in the figures. Any deterioration of the re- 
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Fic. 9. The relative effect of a 36-unit diamond using a gradation of effectiveness. Direction 2 
(normally down the line) has excellent attenuation over a wide band. Direction 1 has good attenuation 
over a moderate band. Note that this plan has 90-degree symmetry. All angles between directions 
1 and 2 have comparable effects but at some special angles additional attenuation is obtained for 


short wavelengths. 


, 
Fic. 10. A comparison of a record made with fifteen charges using variable charge size (upper 
record) with a record made with the same total powder in a single charge (lower record), both records 
obtained with uniformly effective detectors. 
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flections due to a long detector or shotpoint pattern would, in general, be most 
evident in the early part of the record. These records enable one to compare the 
results from a single charge with those from multiple, variably effective charges. 
The upper record in each figure is from fifteen charges with charge effectiveness 
(size of charge) adjusted according to this method. The lower record is taken 
from a single shot. Both records in Figure 10 have uniformly effective detectors. 
Note the series of waves going across the lower record which is from a single 
charge. While these waves are still indicated on the upper record which is from 
fifteen charges, there is a good reflection present at .7 second. 

Figure 11 shows the same comparison in a slightly different location; in 
both of these records, the detectors have a variable effectiveness. The lower 
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Fic. 11. A comparison of a record made with fifteen charges using variable charge size (upper 
record) with the same total powder in a single charge (lower record), both records obtained from 
variably effective detectors. 


record, from a single charge, shows several shallow reflections with appreciable 
stepout which are much better than those on the single-charge record made with 
uniform effective detectors, in Figure 10. The upper record in Figure 11 is from 
the same detector arrangement as the lower record but fifteen spaced charges 
were used with a gradation in their effectiveness. Note, as before, that the reflec- 
tion at .7 sec is much better and that the shallow reflections are slightly better. 
The combination of variably effective detectors and variably effective charges 
has produced good records where no recognizable reflections were obtained by 
conventional methods. 
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VERTICAL ARRANGEMENT OF UNITS 


The same gradation of effectiveness can be used for units in a vertical arrange- 
ment. Both multiple charges and detectors have been proposed in a vertical line 
with uniform effectiveness both with time delays or without time delays.% A 
continuous vertical charge of finite length with uniform effectiveness has been 
proposed.'® Uniformly effective units will attenuate some wavelengths of energy 
propagated horizontally by many paths; however, there will be peak relative 
effects for intervening wavelengths which could be attenuated by a gradation of 
the effectiveness of the units. The number of the units used and the effectiveness 
can be determined from the values used for a horizontal array. The spacing of 
the vertical units should be determined to give the desired apparent spacing, 
which will depend on the path and velocities of the disturbance and on the 
vertical velocity of the desired waves. 


ALTERNATE POLARITIES 


Alternating polarities of detectors have been proposed.!” While Foldy (1946) 
proposed units with effectiveness proportional to binomial coefficients, the others 
call for uniformly effective units. The use of detectors with reversed polarities 
to accentuate steep dip was discussed by Wolf (1947, 1948, and 1949). The same 
formula for gradation of effectiveness that we have considered for uniform 
polarities can be used for alternate polarities except that the attenuation band 
in the formula becomes the pass band and the pass band in the formula becomes 
the attenuation band. By using a gradation of the effectiveness in this manner, 
it is possible to attenuate all wavelengths longer than the desired band to less 
than any desired amount and to attenuate a band of shorter wavelengths by the 
same amount. 


CONCLUSIONS 


A specific gradation of the effectiveness of multiple units can be designed to 
obtain any desired band width or attenuation. In many areas superior results 
have been obtained by this method with fewer components than are required by 
conventional methods. 
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APPENDIX: DETERMINATION OF OPTIMUM EFFECTIVENESS RATIOS FOR VARIOUS 
NUMBERS OF UNITS 
Definitions 

The following definitions should clarify the formulas that follow: 

N is the number of in-line units (detectors or charges) which are combined. 

D is the distance between the effective centers of adjacent units in the group. 

d is the apparent wavelength of the energy. 

R is the relative effect, or the ratio of the effect of the spaced group to what 
it would be if all units were bunched at the reference point, for any given value 
of 

E,, Ex, E3, etc. are the respective effectiveness of units where E; represents 
the effectiveness of the outermost pair of units, E, that of the next adjacent pair 
of units, etc., and the central unit (or central pair of units) has an effectiveness 
of 1. 

n is the numerical order of a given pair of units in the group, proceeding from 
the outer ends of the group toward the center. Thus for the units at each end of 
the line, n=1, for the next adjacent units, n= 2, etc. 

x=(N—1)E,/E,, is a convenient arbitrary function. 

W, the band width, which is here specified, is the ratio between the longest 
and shortest wavelengths in the attenuation band between which the prescribed 
relative effect has not been exceeded; this attenuation band must be adjacent to 
the pass band. There shall be no points of zero relative response between the 
pass band and the attenuation band. 

A is the maximum value of R within the attenuation band. 
C=+/(x—1)/x, a convenient function to simplify the formulae. 
b, d, K, k, M, m, P, p, T, t, U, u, and @ are defined where first used. 
Ax is the longest wavelength in the attenuation band. 

\, is the shortest wavelength in the attenuation band. 


Derivation of Formula for Five Units 


The derivation of the general formulae for gradation of the units is rather 
involved but the formulae for a reasonable number of units can be derived with a 
little differential calculus. The derivation for five units contains all of the funda- 
mentals of the derivation for more units. 

The five units are equally spaced in line, adjacent units being separated by 
a distance D, in a, b, c, d, e sequence. The center unit has full effectiveness, desig- 
nated as 1.0; units a and ¢ have relative effectiveness £,; and units 6 and d have 
relative effectiveness Ep. 

A sine wave of wavelength \ is assumed to be travelling across the pattern 
at constant velocity, and exists at all points simultaneously. The output of each 
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unit can be written in vector form in terms of the phase with respect to a chosen 
reference. A convenient reference is the center detector c. Units b and d adjacent 
to the center will have the same magnitude of phase angle but will be of opposite 
sign, and units a and e will have twice the phase angle of b and d respectively. 
Let 


= (1) 


and write the vector output of each unit: 
Output c=1+i0 
Output b= E,(cos 6—1 sin @) 
Output d= E£, (cos 6+ sin @) 
Output a= (cos sin 26) 
Output e= £; (cos 20+7 sin 26). 
The vector sum of all units will then be 


1+2F, cos 0+2E; cos 20 
and the relative effect is 
1 + cos 6+ 2; cos 20 


(2) 
1+ 2k; 


= 


Note that the sine terms will cancel only for pairs of identical units symmetrically 
located about the center. If the sine terms do not cancel, then to obtain a cancel- 
lation it would be necessary for the real and imaginary parts to be zero both indi- 
vidually and simultaneously. 

The peak relative effect occurs when dR/d#=o0, or when 


E, sin 0 + 2, sin 20 = o. 
Since 
sin 20 = 2 sin @ cos 0, 
then 
sin + cos 0) = o. 


The roots of this equation give the values of 6 for the peak relative effect of 
equation (2) and are: 
sin 0; = 0, or 


(3) 


cos #2 = — 1, (4) 


cos 0; 


and 


cos A3 E2/4Fi, (5) 


3 
que 
: 
1 
5 


A NEW METHOD OF PATTERN SHOOTING 555 


It is convenient to establish an arbitrary function, x, which can be used for any 
number of units. Let 


x = (N — 1)E,/E2, or (6) 
x = 4E,/E, for five units only, (7) 

hence, 
cos 63 = — 1/%. (8) 


When cos 6;=1, 6:=0, so substituting where in equation (1) o= or 
=o, This peak is for the case when energy is simultaneously received at all 
units. 

When cos 6.= —1, 0=7; then substituting in equation (1), r= 2mD/)X, or \/D=2, 
which is the peak in the central portion of the attenuation band as shown in 
Figure 2. 

When cos 6;= —1/x, there is a pair of peaks in the attenuation band, since there 
are two values of 6; which can satisfy equation (8). 

The broadest attenuation band exists for a given relative effect when all of the 

peaks in the band are equal in relative effect and alternate in polarity. Hence 

the value of R as determined from equation (2) when cos #=—1 should be 
equal in magnitude to the value of R when cos 6;= — 1/x but opposite in polarity, 
sO 


1+ 2E.(—1) + 2E,(+1) 1+ 2E,(—1/x) + 2E,(2/x? — 1) 
1+ 2k.+ 2k; I+ 2k; 
cos 20 = 2 cos? 6 — 1, 
2 — — 2E2/x + = o, 
E, = Ex/4 [derived from equation (7) | (9) 


2 — 2E, — E2/x = 0. 


The effectiveness of the units next to the end becomes: 


2X 


The effectiveness of the extreme units becomes: 
x? 
2(2x% + 1) (1) 
The maximum relative effect in the attenuation band occurs when cos #.= —1 
and when cos 6;= —1/x, but the relative effect has been made the same at these 


peaks so that the value of this maximum can be determined by substituting 
COs #.= —1 in equation (2), as follows: 
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1+ 2E,(—1) + 2k; 


Substituting equation (10) and equation (11) in the above and simplifying, the 
maximum relative effect in the band becomes: 


2)? 
A= . (12) 
To solve for other values of 6 where the amplitude is the same value as these 
peaks, set the value of A from equation (12) in place of R in equation (2) and 
solve for the values of 6 as follows (cos 26 has been replaced by 2 cos? 9—1), 
— 1)? 1 + 2E,cos@ + cos? — 1) 


w+ 6x+1 1+ 2k 


Substituting equations (10) and (11) in the above and simplifying: 


x cos?6+ (13) 


Since cos 6.= —1 is a known root [equation (4) ], (cos @+1) can be factored from 
equation (13) leaving: 


cos 04 = (x — 2)/x. (14) 


There are two values of 6, between o and 2m that satisfy equation (14). One 
value, 0z, gives the longest wavelength in the band, A,, and the other value 8,, 
is for the shortest wavelength in the band, A,. The attenuation band width, W, 
has been defined as the ratio of \,/A,. Solving for \ in equation (1), A= 27D /8, so 
that 


A, = and (15) 
A, = 27D (16) 
W but so and reducing 
W = 20/0, —1 (17) 
where from equation (14) 
cos 0, = (x — 2)/x. 
Solving equation (17), 27/6, = W-+1 and substituting this value in equation (15), 
A, = (W+1)D. (18) 
Similarly, 


+ (1 + 1/W)D. (19) 
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General Formulae 


The following equations apply to any value of NV. The first three were derived 
in the preceding section of the Appendix. The remainder will be presented with- 
out derivation. The reader is referred to van der Maas (1954) for a guide to the 
derivation that was employed in obtaining these expressions: 


W = 2n/0, —1, where cos 0; = (x — 2)/x. (17) 

= (W+ DD. (18) 

A. = (1 + 1/W)D. (19) 
(N—-1) /2 

E, = (20) 

E, = d/b, (21) 


where 
d= (1 
+(1/2!)(1/3!)(m— 2)(n—3)(N—n—1)(N—n—2) 
+(1/3!)(1/4!)(n— 2)(n—3)(n—4)(N —n—1)(N—n—2)(N—n—3) 
etc. to m—1 terms, (22) 
The value of the succeeding term 7 in (22) is 
+ [1/(r — 1)!](1/r!)(n — 2)(n — 3)(n — 4)(ete. ton — r)(N — n—1) 
(VN — — 2)(N — n — 3)[etc. to N — — (7 — 1) 1/2, 
When N is an odd number, 
b = + — 
+ (1/2!)(2/3)) — — 
+ (1/3!)(1/4) [(W — — 5)/2]2[(N — (23) 
+ etc. to(N—1)/2 terms. 
The value of the succeeding term r in (23) is 
+ [1/(r — 1) !](x/r) [(W — — 5)/2 — 
fete. to [V — (ar — 1) 
When N is an even number, 
+ (1/2!)(1/3!) — 2)/2][(W — 4)/2]2[(V — 6)/2]2°-” 
+ (1/3!)(2/4!) [(W — 2)/2][(N — 4)/2P — 6)/2 — 8)/2]20- 
+ etc. to (N—2)/2 terms. (24) 
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The value of the succeeding term 7 in (24) is 


+ — — 2)/2][(V — — — 8)/2}? 


[etc. to (N — ar) 


For an odd number of units with effectiveness as shown in equations (20) 
through (23), the maximum ampltude in the attenuation band is 


— + 2E3 — etc. (up to Ew-ine + 1) 
2E, + 2E, + 2E3 + etc. (up to Ew_1/2 + 1) 


Note that the polarities of the terms (including the unity) alternate in the 
numerator. 
For an even number of units with effectiveness as shown in (20) through (24), 


A = [E, cos (NV — 1)@+ cos (N — 3)6+ cos (N — 
+ etc. tocos@|/((E+ E+ E+ etc. + 1), 


where cos 0=(x—2)/zx. 


(25) 


(26) 


Specific Formulae 
The following equations apply to the indicated number of units: 
Three units: 
= 
= (x — 1)/(% + 1). 
Four units: 
= «/3, 
= C(x — 1)/(% + 3). 
Five units: 
x?/2(2x +1), 
2x/(2x + 1), 
= (x — 1)?/(a? + 64+ 1). 
Six units: 
x?/5(x + 1), 
= «/(x+ 1), 
= C(x — 1)?/(x? + 10x + 5). 
Seven units: 
= 327 + 6x + 1, 
= 43/2K, 
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= 
E3 + 3)/2K, 
(x — + 15x? + 15x + 1). 


Eight units: 


k= + 32 + 1, 
= x*/7k, 
E, = x?/k, 


E; = x(x + 2)/k, 
= C(x — + 21%? + 35x + 7). 


Nine units: 
4x3 + 18x? + 124% +1, 
E, = x4/2M, 

E, = 4x°/M, 

E3 = + 5)/M, 

E, = 4x(x? + 4x + 2)/M, 
(a — 1)4/(x4 + 28x? + 7ox? + 28% +4 1). 


Ten units: 
x? + 6x? + 64+ 1, 
E, = x‘/gm, 

E, = x3/m, 

= + 3)/m, 

Ey = «(347 + 15x + 10)/3m, 

= C(x — 1)4/(x4 + 36x + 1262? + 84x + Q). 


Eleven units: 


5x* + 40x* + 60x? + 20% + 1, 


E, = x5/2P, 

E, = 5x4/P, 

Es = 5a°%(2x + 7)/2P, 

Ey = 5x*(x? + 6x + 5)/P, 


E; = + 15x? + 20x + 5)/2P, 
(x — 1)5/(x5 + + + 210%? + 45x + 1). 
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Twelve units: 
= 10xz* + 20x? + 10x + 1, 
= 
= «'/p, 
= + 4)/?, 
= + + 7)/d, 
= x(x? + ox? + 15% + 5)/D, 
A =C(x — + + 330x% + 4622? + 165% + 11). 
Thirteen units: 
T = 6x5 + 75x‘! + 200x* + 150%? + 30% + 1, 
E, = x#/eaT, 
E, = 6x5/T, 
E; = 3x*(2x + 9)/T, 
+ 24x + 28)/T, 
347(4a% + 42x? + 84x + 35)/2T, 
= 6x(x4 + 12%* + 30x? + 20% + 3)/T, 
= (x — 1)8/(x® + 6625 + + 924x* + 495%? + 66x + 1). 
Fourteen units: 
= 45+ 15x4 + sox*® + sox? + 15x + 1, 
= 46/131, 
= «/t, 
+ 5)/t, 
= + ox + 12)/t, 
= + 1247 + 28% + 14)/l, 
= u(xt + + 42x? + 35x + 7)/t, 
= C(x — + + 715"4 + 17164? + 1287x? + 286% + 13). 
Fifteen units: 
74° + 126x5 + 525x4 + 7oox*? + 315%? + 42% + 1, 
= 
= 
+ 11)/2U, 
= + 10x + 15)/U, 


ii 
560 
ke 
; 
ay 


A NEW METHOD OF PATTERN SHOOTING 


Es = 7x3(2x3 + 27x? + + 42)/2U, 

= + + 56x? + 56x + 14)/U, 

= 7x(2x5 + 35x4 + + 175%? + 7ox + 7)/2U, 

(x — 1)7/(a7 + g1x® + 1001%° + 3003x4 + 3003x%* + 1001%? + g1x + 1). 


| 


Sixteen units: 
+ 2145 + + 175x* + 105%? + 21% + 1, 

E, = x"/154, 

E, = x°/u, 

E3 = «°(x + 6)/u, 

Eq = + 33% + 55)/3u, 

Es = x3(x3 + 15x? + 45x + 30)/u, 

E, = x?(5x4 + gox® + 360x? + + 126)/5u, 

E, = x(3x5 + 60x4 + 280x3 + 420%? + 210% + 28)/3u, 

C(x +105x8 +1365%5 + 5005x* +6435x* +3003%7 +455% +15). 
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THE STRUCTURE OF THE NOISE BACKGROUND 
OF A SEISMOGRAM* 


C. W. HORTON{ 


ABSTRACT 


It is postulated that the noise background of a typical seismogram is the result of the arrival 
at random times of a large number of small reflections which are reflected from small scatterers dis- 
tributed throughout the earth. It is shown on the basis of this assumption that if one knows the shape 
of a typical reflection, one can calculate the statistical parameters of the seismogram trace. Con- 
versely, if one has the experimental autocorrelation function, the shape of the individual reflections 
can be determined. This analysis has been applied to a vertical spread of three geophones located 10, 
75, and 125 feet below the surface. The shapes of the individual reflections were determined for the 
two deeper geophones. These curves show that the disturbances detected by the deeper geophone 
have a significantly smaller dominant frequency. 


THE NATURE OF THE NOISE BACKGROUND 


Everyone is familiar with the ideal seismogram in which the reflections are 
separated by quiet, almost noise-free, intervals. In poorer seismograms the re- 
flections can be located by virtue of their “‘line-ups” but the intervals between the 
reflections are filled with oscillations whose amplitudes are comparable with those 
of the reflections. In the limit the line-ups disappear and one has an energetic 
record which appears to be full of reflections, but none of these can be identified 
or used as a basis for interpretation. In this type of record there is no regularity 
such as one observes on records made in shallow water or in areas with pro- 
nounced multiple reflections. 

In this paper a theory is developed to explain the nature of the poor seis- 
mogram described in the last paragraph. It is assumed that this type of poor 
record results when a large number of scatterers is distributed throughout the 
volume of the earth. These scatterers may be caused by localized variations in 
the physical properties of the earth, by bedding planes of limited horizontal 
extent, or by any other type of departure from homogeneity. Each scatterer 
produces a small reflected pulse which reaches the geophone, and the seismogram 
trace represents the sum of a large number of these pulses. If it is assumed that 
the spatial distribution of the scatterers is random, but that the shape of each 
reflected pulse is the same, then one may deduce the statistical properties of the 
seismogram trace from the statistical theory of noise. 

Since the locations of the scattering centers are fixed in the earth, seismogram 
traces made from the same shot point with the same geophone location and 
instrument setting will usually be identical in appearance. However, the trace 
made with a different geophone location will be different since the positions of the 
scatterers relative to the geophone are changed. From this point of view the 
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different traces on a seismogram may be looked upon as different statistical 
samples of the distribution of scatterers in the same volume of the earth. 

The assumption introduced above can be stated more explicitly as follows. 
The dynamite explosion produces a disturbance which in turn is reflected from 
a localized inhomogeneity in the earth. This reflected disturbance arrives at the 
geophone and produces a displacement a;F(t—¢;) on the geophone trace. The time 
of arrival is designated ¢;. The function F(#) which describes the shape of the pulse 
is assumed to be the same for all arrivals. The amplitudes a; of the pulses arriving 
at times ¢; are assumed to be random variables all having the same distribution. 

A consequence of the assumptions listed above is that the seismogram trace 
on a poor record of the kind described in the first paragraph can be represented 
by the equation 

+00 


Ii) = aF(t — t). (1) 
i=—00 

Here the times of arrival ¢; are distributed at random and the amplitudes 
a; have a random distribution. 

If the amplifier has a suitable time-varied gain, the statistical properties of 
the a; remain constant with time and the time series (1) is stationary and its 
statistical properties can be computed. Rice (1944) gives an extensive discussion 
of the statistical properties of this time series. In the following analysis it will be 
assumed that all of the amplitudes a; are equal to unity. This restriction can be 
removed easily when there are enough data to justify it. 


THE STATISTICAL PROPERTIES OF A GEOPHONE TRACE 


If the average number of reflections that arrive at the geophone per second is 
N, the time average of J(¢), I(t), and the time average of the square of the de- 
parture of from J(t), o7?, are given respectively by 


I(t) = N f (2) 


and 


= [I = N [F(2) (3) 


These are equations (1.2—2) and (1.2—3) of Rice’s paper. 

For each geophone location and shot point location one obtains a particular 
trace I(t) from which one can calculate an auto-correlation function y(7). If 
this function were determined for each possible position of the geophone and shot 
point over some area of interest, the resulting auto-correlation functions could 
be averaged to give an average auto-correlation function (7). Rice, equation 
(2.6-2), shows that 
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3 
: 
: 


THE NOISE BACKGROUND OF A SEISMOGRAM 


+00 
F()F(t + +70 (4) 


Each geophone trace will have a power spectrum w(f). The average of these 
spectra will yield a spectrum #(f). This average spectrum can be computed either 
from Wiener’s theorem 


+00 
w(f) = 2 Y(r) cos 2afrdr (5) 
or from the characteristic function s(f) of the individual pulses. In this case 
w(f) = 2N | s(f) |? + 27H (6) 
where 
+00 
s(f) -f F(t) exp (—2mift)dt. (7) 


6(f) is the Dirac delta function. Equations (5), (6), and (7) are equations (2.6-3), 
(2.6-4), and (2.6—5), respectively, of Rice’s paper. 

In the case of geophysical records the signal is passed through an amplifier 
and filter which has zero response at f=o cps. In this case J(#)=o so that equa- 
tions (4) and (6) may be simplified. 


THE CALCULATION OF THE AUTOCORRELATION FUNCTION WHEN THE SHAPE 
OF THE REFLECTION IS KNOWN 


If one has independent evidence regarding the shape F(¢) of the individual 
reflections which make up the seismogram trace, the individual statistical prop- 
erties given by equations (1) to (7) may be computed and compared with 
similar quantities computed directly from the geophone trace. If there is agree- 
ment between the experimental and theoretical determinations of these quantities, 
one may have some confidence in the original premise that the seismogram trace 
was the result of a large number of small disturbances whose times of arrival had 
a random distribution. 

For example, one can compute the auto-correlation function on the basis 
that each reflected disturbance has the shape of one of the wavelet function in- 
troduced by Ricker (1943). Alternately, one could choose a pulse shape such as 
that given by Born and Kendall (1941). Although it is true that the reflection 
shape given by Born and Kendall resulted from reflection at a plane interface, 
the shape is probably characteristic of reflection from localized scatterers. 

A Gram-Charlier series (Cramer, 1946) is ideally suited for the analytical rep- 
resentation of a short oscillatory pulse. This series is defined by 


F() = (8) 


n=0 


j 
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d” /2 
d(x) = ||. (9) 


The function (a) is the mth derivative of the normal error function. These 
functions have been extensively tabulated by the Staff of the Computation Lab- 
oratory, Harvard University (1952) for ~= —1(1)20 and for a large range of the 
argument x. It might be mentioned that ¢™(x) differs from the function G,,(«) 
used by Ricker (1943) by a constant factor r/+/2. 

It is necessary to use ¢/T as the argument of ¢™(x) in (8) since the argument 
of the error function defined in (9) must be dimensionless. In the future the 
dimensionless time ¢/T will be denoted by x and the magnitude of T will be 
chosen to fit the problem at hand. 

As an example, suppose that one follows Jones and Morrison (1954) and 
assumes that each individual scatterer in the earth produces a reflected dis- 
turbance which, if it were received alone, would produce a displacement of the 
seismogram trace given by 


F(t) = — + 9(x)], =4/T. (10) 


The graph of this equation, which is plotted in Figure 1, resembles some of the 


F(t) 


Fic. 1. An illustrative example of a pulse shape F(¢) described by the Gram-Charlier series de- 
fined in equation (10). The abscissa is the dimensionless time x=//T and the ordinate is F(#) plotte: 
to an arbitrary scale. 


where 
3 X= tT 
‘ = 
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Wr) 
+04 
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Fic. 2. The normalized auto-correlation function ¥(r) that results from a geophone trace composed 
of a large number of pulses of the shape shown in Figure 1. 


reflections which have been observed on seismograms. Figures 2 and 3 of Ricker’s 
paper show further examples of plots of linear combinations of ¢™(z). 

In general, if F(t) is expressed as a Gram-Charlier series (see equation (8)), 
and if the amplitude J(¢) of the seismogram trace is given by the time series of 
equation (1), then 

+00 
I(t) = N F(t)dt = NTbpo. (11) 
N is the average number of reflected signals that arrive per second and NT is 
the average number of reflected signals that arrive in each time interval 7. In the 
typical seismic amplifier the de response is zero so b)=0 and the series (8) starts 
with the first term = 1. For this reason do is set equal to zero in the following. 

The average auto-correlation function (7) defined in (4) may be evaluated 

as 


+00 
Wr) = F(«)F(x + 


= vr f ( (a + »)) dx 


m==1 


n=1 
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where x=1/T as before and y=r/T. When the series are multiplied and the order 
of summation and integration is interchanged, one has 


Wir) = NT (x + y)dx. 
m,n=1 
This integral is evaluated in the Appendix, where it is shown that 
V(r) = (=) (y//2). (12) 


m,n=1 


The symbol a,, is defined by 
Om = (13) 


As an example, consider the special case of equation (10) where all the ),’s 
are zero except 6; and bs, which are each —1. For this case equation (12) becomes 


NTV2 
[26° (y//2) — (y/v/2)]. (14) 


I2 


Ur) = - 


The normalized curve $(r)/(o) is plotted in Figure 2. The shape of this curve 
is similar to the auto-correlation function given in Figures 2 and 3 of the paper 
by Wadsworth et al. (1953) and to the experimental auto-correlation functions 
shown in Figures 8 and g of this paper. 

It is possible to develop an analytical expression for the power spectrum 
w(f) defined by equation (6) when the pulse shape is represented by a Gram- 
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Fic. 3. The experimental auto-correlation function obtained from a geophone 10 feet below the 
surface. For the purpose of analysis the function was assumed to approach zero as shown by the 
dotted curve near 50 milliseconds. 
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Charlier series. Since the expression is somewhat cumbersome, this development 
is reserved for a later paper. 


THE CALCULATION OF THE SHAPE OF THE REFLECTION WHEN THE AUTO- 
CORRELATION FUNCTION IS KNOWN 


In the first three sections it was postulated that the noise background of a 
seismogram trace was the result of a large number of disturbances which were re- 
flected by small scatterers distributed randomly throughout the earth. This 
assumption enabled one to compute the auto-correlation function and the power 
spectrum when the shape of the individual reflections is known. Although one 
does not always know the shape of the individual reflections, one can always de- 
termine the auto-correlation function from a seismogram trace. This means that 
the following question is of much greater practical importance. 

If one computes the auto-correlation function ~(r) for a seismogram trace, 
can the integral equation (4) be solved for F(#)? The answer is, ‘Yes, but not 
uniquely.’”’ The lack of uniqueness can be demonstrated easily. If F(t) is replaced 
by — F(t) or by F(—2), equation (4) is unchanged. There is a further ambiguity, 
but, fortunately, the numerical calculations shown below indicate that this am- 
biguity is minor. 

There is one detail of logic that should be mentioned at this point. The func- 
tion (7) was defined as the average auto-correlation function, the average being 
made over all the shotpoint and geophone locations in an area. On the other hand 
if the experimental auto-correlation function were obtained from one geophone 
trace only, then one must introduce the further assumption that the single ex- 
perimental curve is representative in the sense that it does not differ significantly 
from the average function. This assumption can be tested experimentally by de- 
termining a large number of auto-correlation functions for different shotpoint 
and geophone configurations. 

Since the expansion of the function F(¢) in the Gram-Charlier series is unique, 
a knowledge of F(t) and a knowledge of the set of coefficients b, (w=0, 1, 2, + - + ) 
are equivalent. The relation between the coefficients a, and 6, is uniquely de- 
termined except for the factor NT. This is of no importance as long as relative 
amplitudes and relative power are considered. Consequently, the question raised 
at the beginning of this section may be phrased as follows. ‘If the experimental 
auto-correlation function ¥(r) is known, can equation (12) be solved for the 
coefficients a, (n=0, 1, 2,---)? 

In order to prepare equation (12) for solution, it is desirable to expand (7) 
in a Gram-Charlier series of the parameter y/./2 where y=r/T. Thus (co=0 
for no de response) 


i= (x5) 


p=1 


It is known that P(r) is an even function of 7 so the values of p which are odd 
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integers should not occur. It will be seen that this is a consequence of the an- 


alysis. 
When the right members of equations (12) and (15) are equated, one has 
p=1 m,n=1 


The set of functions ¢”(y/+/2) (p=o, 1, 2, - +: ) formsa complete set of ortho- 
normal functions so that equation (16) can be true identically in y if and only if 
the coefficients are equal. This leads to the following set of equations. 


Co= —a,? ) 
C4= — 20;03+ 
(17) 
= — 20 20204— 03 
Com = — 2012m—1+ 20202m—2— 20302m—3+ + "dm? } 
and 
Com+1 O, = I, 2; 3) (18) 


The set of equations (17) is non-linear in the unknowns a;. Therefore it will 
be difficult to solve and the solution will not be unique. However, if the experi- 
mental auto-correlation function P(r) can be expressed as a Gram-Charlier series 
with not more than four or five terms, the numerical work is practical and all the 
solutions can be enumerated. 


FIELD MEASUREMENTS 


Texas Instruments Inc. of Dallas has an area east of Dallas that is used for 
experimental work. In May, 1953 this company made a set of records with geo- 
phones arranged in a vertical spread. Three traces obtained from geophones at 
depths of 10, 75, and 125 feet below the surface were analyzed in considerable 
detail. The source was 10 pounds of dynamite at a depth of 76 feet. The horizontal 
distance from the shot hole to the geophones was approximately 550 feet. The 
seismic amplifier had an AVC which maintained a uniform amplitude through- 
out the time interval of 0.46 to 1.46 seconds that was analyzed. The filter and 
amplifier were relatively broad-band and the geophones had a resonant frequency 
of 18 cps. 

Each geophone trace was analyzed as follows. A zero line was drawn and the 
amplitude of the trace was read on an arbitrary scale at intervals of 4 milli- 
seconds. The one-second time interval analyzed gave 250 amplitudes. The ap- 
proximate auto-correlation function was computed with the following formula. 


N—p 
Wr) = = Maa + 


q=1 


0,2, (19) 
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Fic. 4. The experimental auto-correlation function obtained from a geophone 75 feet below the 
surface. For the purpose of analysis the function was assumed to be zero after 52 milliseconds. 


In the present case V= 250, M=50, and At=4 milliseconds. 

The auto-correlation functions were normalized so that ¥(o)=1, and the 
resulting curves are plotted in Figures 3, 4, and 5 for depths of 10, 75, and 125 
feet, respectively. In each of these cases the auto-correlation function does not die 
out as one would expect but appears to approach a steady oscillation. No signifi- 
cance is attached to this behavior since it is believed to be a consequence of the 
use of finite samples. Consequently, an estimate was made as to how the auto- 
correlation functions would have approached zero if the sample had been in- 
finite. These estimates are shown by the dotted curves in Figures 3 and 5. 
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Fic. 5. The experimental auto-correlation function obtained from a geophone 125 feet below the 
surface. For the purpose of analysis the function was assumed to approach zero as shown by the 
dotted curve near ‘50 milliseconds. 
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THE EXPANSION OF THE AUTO-CORRELATION FUNCTION IN A 
GRAM-CHARLIER SERIES 


The first step in the numerical analysis is the evaluation of the coefficients 
Cp in equation (15). This can be done by multiplying each member of the equa- 
tion by [(—)”/(m!) |Hnm(y/+/2) and integrating with respect to y. This gives 


+00 
Com = U(yT) Hom(yrv/2)dy. (20) 


Since the auto-correlation function is determined experimentally, the integral 
on the right side of (20) must be evaluated by numerical methods. The best 
method for this purpose is Gauss’s method of numerical integration. A descrip- 
tion of this method and some numerical tables are given by Greenwood and 
Miller (1948). More elaborate numerical tables are given by Salzer et al. (1952). 

Eleven values of the coefficients Cam, m=0(1)10, were obtained for each of the 
three auto-correlation functions shown in Figures 3, 4, and 5. These values were 
computed from equation (20) by numerical integration. The results are tabu- 
lated in Table I. 

The wide range of the numberical magnitudes cz, is a consequence of the 
large variations in the magnitudes of ¢(o). It has, however, the unfortunate 
consequence that one can not decide upon the relative importance of the different 
terms in the Gram-Charlier series. The quantities Con¢°”(o), which are also 
tabulated in Table I, are much more helpful in this respect. These quantities are 
of further help since the sum 


TABLE I 


THE COEFFICIENTS OF THE GRAM CHARLIER EXPANSION FOR THE EXPERIMENTAL 
AUTO-CORRELATION FUNCTION 


Case A: depth 1o feet, 7=11 milliseconds 
Case B: depth 75 feet, T=10 milliseconds 
Case C: depth 125 feet, T=13 milliseconds 


Case A Case B Case C 

2cm Com Comp?” (0) Com | (0) Com 
° +1.11 X10! +0.044 +1.72X10! +o0.069 +8.37 X10? +0.033 

2 +9.62 X10? —0.038 —1.44X107! +0.058 +3.59 X10? —0.014 

4 | +3.29 X10? | +0.039 +2.62X10% | +0.003 —7.26 X10? | —0.087 

6 +0.161 —0.026 —7.28 X10° +0.044 

8 +7.50 +0.314 +3.71X107% +0.016 +4.36 X10% +0. 183 

10 +0.159 —2.50X10 4 +0.094 —6.44 X10°% +0. 243 
12 +1.976X10°5 +0.082 +4.10X10 5 +o.170 +5.41 X10 5 +0. 225 
14 +0.017 —3.75X10 ° +0.202 —3.02 X10* +0.163 
16 —1.51 X10°8 —0.012 +2.31X107 +o0.187 +1.160X1077 +0.094 
18 +4.93 X10! | —o0.007 —9.91X109 +0.136 —2.80 +0.039 
20 | +7.70 X10"! | +0.020 +2.70X107!© | +0.070 +1.791X107!! | +0.005 
Sum +0.779 Sum +0.979 Sum +0.928 
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10 
S = cond? (0) (21) 
m=0 


furnishes some indication of whether or not enough terms in the Gram-Charlier 
series have been used. For example, the values of 0.979 and 0.28 for S in cases 
Band C, respectively, are very nearly equal to the correct value of 1.00, while the 
value of 0.779 for case A indicates that more terms are necessary in the expansion. 

The results given in Table I can be shown more clearly by graphical means, 
as in Figure 6. In this figure the quantities c2,¢°°”(o) are represented by vertical 
lines for each case. Figure 6 is very similar both in form and in significance to a 


CASE A 


CASE B 


CASE 


1 
4 8 12 16 20 
ORDER OF TERM, 2m 


-Ol 1 


Fic. 6. Graphical representation to show the importance of the contributions of the 
various terms in the Gram-Charlier series. 


plot of the amplitudes of a Fourier series representation of a periodic signal. 
When the time unit T is changed, the location of the large amplitudes is moved 
just as in the case of a Fourier series when the fundamental period is changed. 

A further indication of the reliability of the determination of the coefficients 
can be obtained by plotting the sum 


10 
= Comp ?™ (y/r/2), (22) 
m=0 
This has been done in each case but the curves are not included in this paper. 


The set of equations (17) can not be solved with any facility if all ten of the 
values Com(m=1, 2,° ++, 10) are used. The data shown in Figure 6 indicate, 
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however, that four terms of the expansion should give an adequate representa- 
tion of the data. For example, in case C 


7 
como2™(0) = 0.813. 


which is 88% of the contribution of all eleven terms. Consequently, in the re- 
mainder of the discussion the Gram-Charlier series will be restricted to the four 
dominant terms. 

Figures 7, 8, and g contain plots of the experimental auto-correlation function 
¥(r) for the three cases A, B, and C and of the normalized sums of the four 
dominant terms of the Gram-Charlier series for the three cases, respectively. In 
cases B and C the agreement between the experimental data and the analytic 
approximation is good enough to justify further analysis. 

When the four dominant terms in the Gram-Charlier series are summed, 
one must normalize the coefficients so that the sum is unity at r=0. Table II 
lists the normalized values for cases B and C. An asterisk is added to Gm to 
distinguish it from the unnormalized value given in Table I. 

In case A, however, the agreement between the experimental curve and the 
analytical approximation is poor. The reason for this appears to be the long region 
of positive values of Y(r) which extends from r= 22 to 44 milliseconds. It appears 
that more terms in the Gram-Charlier series will be necessary in order to re- 
produce this unusual feature. This interpretation is borne out by the very low 
value of the sum S shown in Table I for this case. 
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Fic. 7. A portion of the experimental auto-correlation function (solid curve) and of the nor- 
malized sum of the four dominant terms in the Gram-Charlier expansion (dashed curve). Geophone 
depth 10 feet. 
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Fic. 8. A portion of the experimental auto-correlation function (solid curve) and of the nor- 
malized sum of the four dominant terms in the Gram-Charlier expansion (dashed curve). Geophone 


depth 75 feet. 


THE DETERMINATION OF THE SHAPE OF THE INDIVIDUAL PULSES 


The numerical analysis of the last section has shown that the experimental 
auto-correlation functions for cases B and C can be approximated fairly well by 
four terms in the Gram-Charlier series. Thus, for example, in case C, where all 
of the com*’s are assumed to be zero except ¢g*, Ci*, and c4*, the infinite set of 
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Fic. 9. A portion of the experimental auto-correlation function (solid curve) and of the nor- 
malized sum of the four dominant terms in the Gram-Charlier expansion (dashed curve). Geophone 
depth 125 feet. 
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TABLE II 


THE NORMALIZED VALUES OF THE COEFFICIENTS IN 
THE GRAM-CHARLIER SERIES 


Case B Case C 
Com* Com* 
8 +5.36X10% 
10 —7.92X104 
12 +5.90 X105 +6.65X10°5 
14 —5.40 X10* —3.71X10° 
16 +3.32 — 
18 —1.426X 1078 


equations (17) becomes 


ce” — 


= 20405 — As” 
= 20403 — 20507 + ae” 
= 204019 — 205d9 + — a7” 


= 204012 — 205011 + 206019 — + As? 


© = 20sdam—4 — 205dem—5 + + + (—) "On? 


in the infinite set of unknowns 44, a6, 

In view of the non-linearity of these equations, it appears necessary to make 
some assumptions about the number of terms a,, that will be important. It seems 
reasonable to assume that the terms of major importance are a4, ds, a6, and a7 
and that all of the other values of a,, may be set equal to zero. By these assump- 
tions equations (17) reduce to the following equations. 


= + 
Cio’ = + 20406 — 


‘ (23) 
= — 20507 + ag? 


= — a7? 


The first and last equations can be solved immediately to give two values each 
for a4 and a7. The unknown a; can be eliminated from the two middle equations 
to yield the following quartic in ag. 


— 2612*d6? + + (C12* — 4¢10*C14*) = 0. (24) 


In every case analyzed so far this quartic has had only two real roots. 
The process of computation outlined above has been carried out for cases 
B and C and it leads to eight sets of values for a; which are solutions of the set 
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TABLE III 
THE Non-ZERO ROOTS OF THE SET OF EQUATIONS (17) FOR CASE B 


Combina- 


a 
tion No. | 


+7.68X 107% +4.92 X10% +1.228X10% +1.194X104 
+7.68X 10% +1.072X10% —0.275X10% —1.194X1074 


of non-linear equations (23). Four of these sets of values are simply the negative 
of the other sets of four values and, consequently, lead to a pulse which has the 
same shape and differs in sign only. Two of the remaining four sets can be ob- 
tained from the other two by replacing ¢ by —?/. It was pointed out above that 
this ambiguity must be expected. Therefore, of the eight sets of values for the 
a;’s obtained from equations (23) only two sets have essential differences. Tables 
III and IV are tabulations of the two sets of roots a; for cases B and C, respec- 
tively. The two sets of roots are labelled combinations number 1 and 2 for ease 
of reference. 

There is one last change of parameters. The Gram-Charlier expansion given 
in equation (8) has coefficients b,, which are related to the coefficients a, by 
virtue of equations (13). The unknown factor NT can be set equal to one, since 
we are interested only in the shape of the reflected disturbance. 

Figures 10 and 11 are graphs of the reconstructed pulse F(¢) for case B, 
combinations number 1 and 2, respectively. These curves are very similar, so 
that one may state that the curve in Figure 1o represents the shape of the in- 
dividual reflections which arrive at the geophone suspended 75 feet below the 
surface of the earth. Figures 12 and 13 are graphs of the reconstructed pulse 
F(t) for case C, combinations 1 and 2, respectively. Actually, — F(¢) has been plot- 
ted in both figures for case C in order to enhance the resemblance of the two 
pulses to those obtained in case B. The curves in Figures 12 and 13 are very 
similar so that one may state that the curve in Figure 12 represents the shape of 
the individual reflections which arrive at the geophone suspended 125 feet below 
the surface of the earth. 


SUMMARY AND DISCUSSION 
It was postulated in the first section that the noise background of a seis- 
mogram could be explained by assuming a large number of scatterers distributed 


TABLE IV 
Tue Non-ZERO Roots OF THE SET OF EQUATIONS (17) FOR CASE C 


a 


Combina- | | 


tion No. 


+7.32X107? +5.71 X10” +1.694X107 +1.93X 10% 
+7.32X107? +1.225X10? —0.438X 10? —1.93X10% 
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F(t) 
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Fic. 10. The shape of the pulse arriving at the geophone 75 feet deep that results from an 
analysis of the autocorrelation function. The mirror image of this curve in the ordinate axis or in the 
abscissa axis are possible shapes. The ordinate scale is arbitrary. 


at random throughout the volume of the earth. It was shown that on the basis 
of this assumption one could compute the shape of the individual reflections from 
a knowledge of the auto-correlation function. This analysis was carried out for 
three geophones arranged in a vertical spread. 

The shape of the reflected disturbances that arrived at the geophone at a 
depth of 75 feet is shown in Figure 10 while the shape of the reflected disturb- 
ances that arrived at the geophone at a depth of 125 feet is shown in Figure 12. 
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Fic. 11. An alternate shape of the pulse arriving at the geophone 75 feet deep that results from 
an analysis of the auto-correlation function. The mirror image of this curve in the ordinate axis or in 
the abscissa axis are possible shapes. The ordinate scale is arbitrary. 
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Fic. 12. The shape of the pulse arriving at the geophone 125 feet deep that results from an 
analysis of the auto-correlation function. The mirror image of this curve in the ordinate axis or in the 


abscissa axis are possible shapes. The ordinate scale is arbitrary. 
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Fic. 13. An alternate shape of the pulse arriving at the geophone 125 feet deep that results from 
an analysis of the auto-correlation function. The mirror image of this curve in the ordinate axis or in 


the abscissa axis are possible shapes. The ordinate scale is arbitrary. 
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These two reflections are similar in shape but the dominant frequency of the 
pulse is lower at 125 feet than it is at 75 feet. The change in frequency is from 
30 cps at 125 feet to 44 cps at 75 feet. 

The auto-correlation function for the geophone at 10 feet is much more com- 
plex than those at greater depths. In fact, it is so much more complex that a 
good approximation could not be achieved with the number of terms used in the 
Gram-Charlier series. This suggests that the reflected disturbance itself becomes 
much more complex at the shallow geophone. This interpretation is consistent 
with articles in the literature. Wolf (1940) and Shugart (1944) emphasize the 
importance of the near surface layers in determining the shape of the reflection. 


COMPARISON WITH OTHER WORK 


The problem of determining the shape of the individual waves from a knowl- 
edge of the auto-correlation function has been considered by Robinson (1955) 
in a doctoral thesis. In Robinson’s account the shape F(t) of the individual arri- 
vals is said to represent ‘‘the dynamics of the time series” while the arrival times 
t; introduced into equation (1) are said to represent ‘“‘the ‘random’ nature of the 
time series.’’ Robinson then shows that in the computation of the auto-correla- 
tion function the “random” elements are averaged out. He is able to determine 
the shape of the individual arrivals from a knowledge of the auto-correlation 
function by a combination of Fourier transforms and a factorization technique. 
Examples of the result of such an analysis are given in his Figures 13D and 16. 

The thesis by Robinson has a very interesting discussion of the reasons why 
one can hope to apply statistical procedures to a seismogram trace. His discussion 
contains a very lucid account of the dual nature of a seismogram: on the one 
hand, the record is completely determined, since the location and nature of the 
scatterers are fixed, while, from a different point of view, the resulting seismogram 
traces may be viewed as samples of a stationary time series. 

Another point of considerable interest in Robinson’s thesis is his discussion 
of the Predictive Decomposition Theorem. In the first section of this paper it 
was argued from physical considerations that the seismogram trace may be re- 
garded as the result of superimposing a large number of individual arrivals. The 
Predictive Decomposition Theorem is a proof that under certain conditions 
(which are met in the present case) any stationary time series may be resolved 
into such a superposition and further that the resolution is unique. 
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APPENDIX 


It is required to evaluate the integral 


f + y) der, (25) 


One can integrate by parts by setting du=o™(x+y)dx=do"(x+y) and 
(x). This yields 


00 


This can be repeated u times to give 


Now 
(x) + y) = (—)™ (1/20) Hmyn(x) exp + (x + y)*)/2], 


so, with a little rearranging, 


+00 
= (—)™(1/2m) exp (— y?/4) Hmin(«) exp [—(x + (y/2))?] dx. 


Set x+(y/2)=u/vV/2 and get 


+00 


“uy 
Imn=(—)™(1/2mv/2) exp (— y?/4) (5-2) exp (—u?/2)du. (26) 


Magnus and Oberhettinger (1948) give the following addition formula for Her- 
mite polynomials. 


H,(s +1) = ( ) 


q=0 


Whence 


y mtn (m+n 

V2 2 a0\ 

When (27) is substituted into (26), the order of integration and summation can 

be interchanged. All of the integrals vanish except the one corresponding to 

g=o. This yields 


Imn = (—) mtnt1) 12g, (mtn) (y/4/2) (28) 


as required. 
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SEISMIC RECORDER FOR MONITORING MAGNETIC TAPE* 


GEORGE B. LOPERt{ 


ABSTRACT 


A new recorder utilizing Polaroid “picture-in-a-minute” film has been developed to monitor 
seismic data recorded on magnetic tape. Signals from 12 magnetic recording heads are applied 
through appropriate networks to conventional galvanometers in the monitor as the magnetic record 
is made. The optical system is arranged to make a miniature seismogram of conventional appearance 
on a standard 3 X4 inch Polaroid print. The record is a satisfactory guide for the operator to evaluate 
the quality of the record on the magnetic tape without the need for playing it back. 


INTRODUCTION 


The recording of seismic records on magnetic tape is rapidly becoming a fa- 
miliar technique in the geophysical field, especially with experimental groups 
which are using reproducible recordings as a tool for investigating the seismic 
method (Loper and Pittman, 1954). As the magnetic method of recording be- 
comes more extensively used in routine seismic shooting it becomes increasingly 
important that the equipment be engineered for the convenient, reliable, and 
speedy operation which has characterized the seismic technique in the past. 
One of the convenient features of magnetic recording is that it does not require 
photographic development. This suggests that a magnetic recording truck may 
be built with no concern over the corrosive action of photographic chemicals. As 
the photographic development of a paper record is not required, an abundance 
of light and ventilation need not interfere with the making of records in a mag- 
netic recording truck. 


FIELD REQUIREMENTS 


In the absence of the usual seismogram, some kind of visual presentation of 
the data on the magnetic tape must be available since the tape itself has no visible 
impressions. With such a presentation, the observer can answer the following 
questions: 

1. Are all traces alive? 

2. Do all traces have proper polarity? 

3. Does trace character show that detectors have been properly placed and 

filters correctly set? 

4. Is there excessive noise which could have been avoided on any traces? 

5. Are there serious errors of amplitude adjustment? 

6. Do the reflection character and energy level of the shot indicate that 
proper hole depth, tamp, and charge size have been used? 


* Presented before the Midwestern Regional Meeting of the Society in Dallas on November 19, 
1954. Manuscript received by the Editor March 4, 1955. 
+ Field Research Laboratories, Magnolia Petroleum Company, Dallas, Texas. 
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7. Are the timing data satisfactory? 

These seven questions represent about the minimum that the observer should 
know in determining his shot-to-shot course of action. There are several ways to 
monitor the magnetic record in the field. A visual record could be obtained with 
any of the following equipment: 

1. Pen or stylus recorder 

2. Conventional seismic camera 

3. Cathode-ray oscilloscope 

4. Fluorescent screen. 

This list does not include the method of dipping the magnetic record in a fluid 
suspension of finely divided magnetic particles. Treatment of this kind may 
render the recorded data visible but it is doubtful that an observer could learn 
to interpret adequately the intensity variations which would show, especially if 
a modulated carrier is used. Each of the other techniques mentioned has one or 
more of the following disadvantages: (1) equipment is bulky, (2) equipment 
consumes excessive battery energy, (3) a darkroom is required, and (4) no perma- 
nent record is provided. 


SPECIAL RECORDER 


A special recording oscillograph was developed to solve the problem of 
monitoring, in the field, the seismic data recorded on magnetic tape. The records, 
which are made during the shot, are in miniature on a standard 3 X4-inch Pola- 
roid-Land print, but otherwise have conventional appearance. The following are 


features of the method: 

1. No darkroom is required as the print develops inside the camera in 60 

seconds. 

2. The size of the oscillograph is about that of a regular seismic camera. 

3. The battery drain is very low; furthermore, no power is required in playing 

back the tape. 

4. A permanent record is made which is convenient for filing and quick refer- 

ence. 

Permanent visible records provide a distinct advantage. Prior to actual play- 
back, the monitor records permit evaluation and sorting of magnetic tapes with- 
out the necessity of putting them on the playback machine. In addition, the 
miniature records are especially easy to handle and file. 

Figure 1 shows an external view of the recorder. The Polaroid camera body 
is mounted on the front. Beside it is a viewing port through which the recording 
spots may be watched. The front panel controls include a switch for the galva- 
nometer lamp, a release knob for starting a record, a speed adjuster, a resetting 
control, and pilot lights. 


MONITOR RECORD 


A 12-trace seismogram made on this camera is shown in Figure 2. The top 
trace shows the time break impulse. The next twelve traces are reflection data. 
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The last trace shows the time reference signal, which is a 1,000-cps steady tone 
recorded on one track of the magnetic tape. 

The time lines are spaced 0.1 sec apart and are produced by a glow modulator 
tube flashing in synchronism with the 1,o00-cps time reference signal. Their 
accuracy is not highly important, however, since the monitor record does not 
serve for computation. The upper traces are exposed first. Then, as they are 


Fic. 1. Monitoring camera with Polaroid film holder and controls on front panel. 


about to go off the right edge of the print, they are picked up on the bottom half 
and resumed, with some overlap, so that no data are lost. Total record time is 
adjustable from about 2 sec to 16 sec with half of the time on the upper section 
of the print and half on the lower. The signals for the monitor recorder are taken 
from the magnetic recording head terminals. There are no vacuum tubes or 
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Fic. 2. Seismic record produced by the monitoring camera during the recording 
of the same data on magnetic tape. Length of record is 4 inches. 


complex circuit elements between the point of sampling and the head. Any 
failure of equipment which will mar the magnetic record will show also as a 
defect on the monitor record so that an effort will be made to repair the equip- 
ment before more shots are fired. Daily checks are made to insure against any 
recording head becoming shorted or its circuit becoming open. The only remain- 
ing possibility for defect in the magnetic record which would not show on the 
monitor is that the mechanical positioning of tape and head may not be correct, 
or that the magnetic tape may be defective. Experience has shown, however, 
that a reasonably careful operator will not lose records from causes that will not 
produce evidence on the monitor. 

The signals on the magnetic heads each comprise a 6-kc carrier modulated in 
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Fic. 3. Method of transmitting signals to the galvanometers in the monitoring camera. 
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frequency by the vibration signals from the seismic channel. These are connected 
to the recorder as shown in Figure 3. The carrier signal on each head is quite 
large. It is demodulated in a simple network with enough power left to drive the 
galvanometer in the camera through the conventional output transformer. The 
components of the network are reliable and failure is unlikely. If failure did 
occur it would show on the monitor and the operator would not continue shoot- 
ing until corrections had been made. 


OPTICS AND MECHANICAL SYSTEM 


The optical system of the monitor camera is illustrated in Figure 4. The 
galvanometer mirrors are illuminated with a lamp and their spots are focussed 


CARRIAGE 
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Fic. 4. Optical system of the monitoring camera reduces the spot dimensions 
and scans the film by means of a traveling lens. 


with a cylindrical condensing lens in the usual fashion. They are focussed on a 
ground glass screen, however, rather than the recording paper. These spots are 
then photographed by a camera comprising a stationary film and a moving 
lens. New spot images in reduced dimension appear on the film. The lens is 
mounted on a smoothly moving carriage which travels with constant speed down- 
ward under the influence of gravity. As a result, the images of the spots of the 
film move downward with the lens and produce the scanning effect. 

The lens carriage movement is held at constant speed by an electromagnetic 
damper. The carriage is geared to an armature, made of copper and iron, which 
spins in a magnetic field set up by a coil carrying DC current. The damping forces 
created by hysteresis and eddy current losses hold the carriage speed constant. 
The speed is adjustable over a wide range by variations of the current in the 
coil. 

After each record, the damper is momentarily disengaged and the carriage 
is raised manually until it latches in the upper position ready for another shot. 
The time lines are impressed on the ground glass from a flashing tube back of the 
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Fic. 5. View of lenses through the film holder showing how the use of 
two traveling lenses gives a double scanning of the film. 


galvanometers. There is a gap in the bank of galvos through which the cylindrical 
lens and ground glass are illuminated. 

Two traveling lenses are actually used in this device as shown in Figure 5. 
With the lenses offset both vertically and horizontally the upper and lower 
halves of the film may be exposed. More efficient use is made of the film area 
and at the same time the record is given a conventional appearance regarding 
ratio of length to height. 


EVALUATION OF RECORDED DATA 


The magnetic records are always made with broad frequency response. 
Extreme low-frequencies are cut out, however, to prevent ground roll from 
dominating the available dynamic range of the tape. The monitor record, another 
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Fic. 6. Monitor record as seen by observer. 


example of which is shown in Figure 6, shows exactly what goes onto the tape. 
Can the operator discern from this broadband record whether the shot conditions 
were optimum for the filtered records which are to be made upon playback? A 
practiced operator can do so. In fact, the over-all utility of the record for a variety 
of filtering is better estimated from a broad-band record than from one sharply 
filtered. However, for estimating the qualities in a specific narrow range of fre- 
quencies, the wide-band record is not best. If a filtered monitor record is desired, 
the appropriate filters may be inserted between the demodulators and the 
galvanometers. A camera with more traces showing both filtered and unfiltered 
signals would be better so that amplitude trim, at least, may be based upon the 
unfiltered traces. The Polaroid film has room for a 24-trace record. The traces 
may be moved closer together and more of the print area may be used. With 
appropriate optical resolution, 24-trace operation should be satisfactory. Another 
way is to scan the film only once with one lens and use the full width for the 24 
traces. A third method is to scan the film twice, parallel to the narrow dimen- 
sion, giving more space in the wide dimension to place the needed number of 
traces. 

This monitor camera has made it possible to carry on magnetic recording 
with great convenience and speed. No time or battery power is involved in 
playback. Moreover the magnetic tape is not handled by the operator during a 
full day of operation. The tape simply runs from supply reel to take-up reel, in 
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a closed dust-free container, without having to be cut, as the work progresses. 
Such a technique greatly minimizes the possibility that a record may inad- 
vertently be “exposed” twice, or otherwise be defiled by dust or magnetized 
tools. This is important to fast, convenient operation. 
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MAGNETIC PROSPECTING FOR IRON ORES IN JAMAICA* 
S. A. VINCENZt 


ABSTRACT 


Two ground magnetometer surveys over iron ore deposits in Jamaica are described and the re- 
sults of the observations interpreted. An improvised but economical technique is used to measure the 
main magnetic properties of ore samples obtained from surface exposures, and a suitable statistical 
analysis is applied to determine the significance of these observations. The interpretation of the 
magnetic profiles, carried out on the basis of these observations, is complicated by the non-uniformity 
of the natural remanent magnetization of the ores and the roughness of Jamaican topography. The 
ambiguities due to the latter factor are diminished by taking into account in the computations the 
changes in the elevation of the ground surface. The results of the interpretation are on the whole 
successful and give the approximate sizes and positions of the main ore bodies. A conclusion is 
reached that, in the case of small-scale near-surface deposits whose approximate position is already 
known, ground magnetometer surveys can be superior to those made from the air because of their 
smaller cost and greater power of resolution in rough terrain. 


INTRODUCTION 


Although the airborne magnetometer has to a great extent superseded the 
instruments used in ground surveys, the use of ground instruments is still of 
value in small-scale mining problems, especially in areas where a very rugged 
surface topography presents a major difficulty in the planning of an aeromagnetic 
survey and in the subsequent interpretation of the results. 

The purpose of this paper is to describe the results of some ground magne- 
tometer surveys made in Jamaica in search of iron ores. The surface topography 
of Jamaica is in general extremely rough and, in view of the intense tropical 
weathering, some metallic minerals occur in near-surface deposits which are too 
small in extent to warrant an investigation by aerial surveys. This is particularly 
true of the iron ores which occur in the form of veins or smaller lodes, sometimes 
exposed at the surface but frequently covered by weathering mantle or scree. 
These ores are usually fairly magnetic and in these circumstances the use of a 
ground magnetometer, or a magnetometer flown in a helicopter near the ground 
surface, would be expected to yield much valuable information as to the extent 
in depth of the magnetic ore bodies and their approximate size. 

This paper deals with two such typical ground surveys. Before describing the 
field procedure and the results of observations, it is necessary to indicate briefly 
the main geological characteristics of the Jamaican iron ores. 


GEOLOGY OF JAMAICAN IRON ORES 


Jamaica is geologically relatively young and the view is now accepted that 
there are no older rocks in Jamaica than Cretaceous (Zans, 1953@). The iron 
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ores occur usually as heterogenetic solution deposits, resulting from thermal or 
hydrothermal changes produced in sediments by the acid and intermediate in- 
trusions of the Cretaceous and Eocene periods. They are often found in the 
form of hydrothermal replacement bodies in sediments or metamorphic series 
and in the intrusive bodies themselves. Magnetic surveys have so far been carried 
out in two regions characterized by two distinct acid intrusions. 

In one case the iron ores occur near or at the contact of a large porphyry sill 
and the underlying sediments. Both formations are of lower Eocene age and the 
area is intensively faulted and folded and lies within the earthquake zone of the 
island. This sill, known as the Newcastle porphyry sill (Matley, 1951), is not a 
sill in the strict sense of the word, since it has the features of a discordant intru- 
sion and covers the underlying highly folded sediments in the form of a nappe 
(Zans, 19534). 

The second region is related to a late Cretaceous granodiorite intrusion which 
has produced zones of mineralization in the adjoining sediments and metamorphic 
rocks (Zans, 1951 and 1952). 

In the first region the magnetic survey, the results of which are described 
below, was carried out on the Glade-Orchard property near Mavis Bank in the 
foothills of the Blue Mountains (see Figures 1 and 2). The iron ores occur along 
the steep slopes of a porphyry hill. They crop out in isolated exposures which 
have been correlated and the conclusion has been drawn that the ores occur in 
the form of tabular or lenticular veins. The largest of these veins is well exposed 
and was discovered by V. A. Zans (1951), the Government Geologist at whose 
suggestion the magnetic survey was undertaken. Most of the exposures relating 
to the other veins were revealed by trenching and digging during and after the 
magnetic survey. The ore was found to be solid and of high grade, containing up 
to 65 percent of iron and consisting of hematite intimately intergrown with mag- 
netite, with the former predominating. At the lowest elevations the exposures 
were found to contain some pyrite. On the basis of purely geological considera- 
tions, Zans (19536) suggested that the general structure of the veins is that of 
cone-sheets radiating from a common source at the contact of the porphyry and 
the underlying Eocene sediments. Thus the main information required from the 
magnetic investigation was knowledge of the continuity of the veins, their ex- 
tent in depth, and the presence of concealed deeper ore bodies. 

In the second region the survey was conducted in an area near the village of 
Rock Hall (Figures 1 and 3) where the zone of mineralization occurs in steeply 
dipping Cretaceous hornfelses sandwiched between the granodiorite intrusion 
and the unconformably overlying Tertiary white limestone. The presence of iron 
ores in the area was suspected as a result of the discovery (Zans, 1952) of the 
occurrence of ore boulders in the nearby gullies. A reconnaissance magnetic survey 
gave the approximate location of the zone of mineralization and led to the dis- 
covery of a few exposures of solid ore. The ore here is also of a high grade, con- 
sisting of hematite with an appreciable admixture of magnetite. It is, however, 
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PORPHYRY LOWER EOCENE = METAMORPHIC 
(Eocene) SEDIMENTS SERIES 
(PRE-EOCENE) 


Fic. 2. Geological sketch map of the Glade-Orchard area. (Aiter the Geological Map of the 
Kingston District, Jamaica, by C. A. Matley, D.Sc., F.G.S., 1945.) 


far more magnetic than the ore at Glade-Orchard, although softer and more 
powdery in character. 


THE FIELD SURVEYS 


Both surveys to be described were ground surveys and no resort was made to 
helicopter work. A Vertical Force Variometer, manufactured by Messrs. Hilger & 
Watts Ltd., was used and the sensitivity of the instrument was adjusted to 
about 30 gammas/scale division. Since Jamaica lies in a fairly high magnetic lati- 
tude (inclination about 51°), there was no immediate need for a horizontal force 
variometer and the vertical variometer yielded all the required information. 

In the survey at Glade-Orchard, the observations were made along approxi- 
mately straight lines, with an average station interval of about 50 ft and the 
lines approximately 150 ft apart. About 200 stations were occupied, covering a 
total area of approximately 35 acres. The lines were cut in dense bush, and their 
straightness largely depended on the passability of the terrain. The latter, apart 
from being covered by thick growth, consisted of steep hillsides (slopes 40°-55°), 
often covered by sliding porphyry scree and cut by gullies and ravines. Since the 
elimination of the diurnal magnetic variations necessitated repetition of observa- 
tions at successive stations (no second instrument being available for a continu- 
ous record of the variations), the very rough terrain had to be repeatedly ne- 
gotiated and this difficulty naturally handicapped the observer in his efforts 
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to obtain maximum accuracy. In particular, the precision of instrumental 
levelling was affected, and in observations made around closed loops misclosures 
up to 30 gammas were frequent. Fortunately, the magnetic anomalies were 
mostly of the order of several thousand gammas and thus the closure errors were 
of no significance. The imperfect reproducibility of observations at stations 
located near or on exposures of ore also resulted in errors and ambiguities; but 
in the majority of cases these were successfully eliminated to give a consistent 
pattern of results. 
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GRANODIORITE WHITE METAMORPHIC 
(RE TACEOUS) LIME STONE SERIES 
(POST-CRETACEOUS) (CRETACEOUS) 


Fic. 3. Geological sketch map of the Rock Hall area. (After the Geological Map of the 
Kingston District, Jamaica, by C. A. Matley, D.Sc., F.G.S., 1945.) 


In the survey over the Cretaceous iron ores, the observations were made on a 
fairly regular network of stations spaced at 20-ft intervals along traverse lines 
50 ft apart. Although the terrain was also rough, the surface conditions were more 
agreeable than at Glade-Orchard, and the observations were subject to smaller 
errors. Great accuracy was not, however, necessary since the anomalies encoun- 
tered were of great intensity. 


RESULTS OF THE FIELD OBSERVATIONS 


In Figure 4, the lines of equal vertical intensity in the Glade-Orchard area 
are given. Figure 5 shows three vertical intensity profiles along the lines indicated 
in Figure 4. Figure 6 gives some of the results of observations made in the Rock 
Hall area, and in Figure 7 two corresponding magnetic profiles are shown. The 
vertical ground-sections are given along with some of the magnetic profiles, and 
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VERTICAL INTENSITY (GAMMA) 


THEORETICAL 


Fic. 5. Magnetic profiles along the section lines shown in Figure 4. The dotted curves give the 
variation of vertical intensity at the ground surface, calculated for the two-dimensional bodies shown. 
In the case of profile CC’ the left hand and right hand bodies are 14 and 16 ft thick, and 25 and 22 ft 
below the ground surface respectively. All calculations have been carried out for a susceptibility con- 
trast of o.1 E.M.U., assuming a uniform induced magnetization and neglecting the effect of demag- 
netization. 
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LEGEND 


LINES OF EQUAL VERTICAL 
INTENSITY 


‘-~.420 TOPOGRAPHICAL CONTOURS 


EXPOSURES OF IRON ORE 


Fic. 6. Magnetic map of part of the Rock Hall area. Magnetic contour lines as in Figure 4. 
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Fic. 7. Magnetic profiles along the section lines shown in Figure 6. The dotted curves have been 
computed for the two-dimensional bodies shown. In the case of section AA’ a susceptibility contrast 
of o.14 E.M.U. and a remanent intensity 1.3 times the induced intensity were assumed, while for the 
section BB’ the remanent intensity was taken as only 0.55 of the induced intensity of magnetization. 


6or 
es, 
5000 
bPROUND SURFACE 
a’ 
300 400 | 
Fe 
/ 

100 400 500 
INSTRE B B Fr 
ZERO ct < 
77 
20o0Ft 
' 


602 S. A. VINCENZ 


the theoretical anomalies constructed for the two-dimensional bodies are also 
shown in the diagrams. On the magnetic maps, the massive ore exposures are 
indicated. 

The magnetic map in Figure 4 reveals three main regions where the vertical 
intensity has been unusually disturbed and where anomalies ranging from 
— 5,500 to +5,500 gammas have been observed. These three regions, numbered 
in the diagram consecutively by Roman numerals, are characterized by the 
presence of both positive and negative anomalies. In the western region (I) a 
violent negative anomaly of —5,500 gammas occurs in line with two positive 
anomalies and at points where the exposure of the ore is the widest. In the central 
region, a strong —5,ooo-gamma anomaly changes rapidly towards the south 
into a +3,o00o-gamma anomaly. In the east, the significant anomaly is entirely 
positive, reaching the magnitude of almost 4,500 gammas. The magnetic dis- 
turbance decreases here in the NE direction, but it increases again to about 1,300 
gammas. In general, all anomalies show a decrease in magnitude at lower eleva- 
tions in the north of the area. 

In addition to the three main regions, the map reveals subsidiary areas where 
smaller anomalies are in evidence. Of these, the most conspicuous is the wide 
1,200-gamma positive anomaly centered on point d. A small subsidiary anomaly 
occurs in the western region at c, and an independent small anomaly farther 
southwest at k. 

The magnetic map in Figure 6 shows very large variations of vertical inten- 
sity, at some points exceeding the range of —15,000 to +15,o00 gammas. The 
magnetic contours have a general E—W direction of strike, although the + 8,o00- 
gamma contour strikes at an angle of about 60° with the magnetic meridian and 
approximately in line with the main ore exposures. The positive anomaly is 
flanked on its north and northeast sides with a large negative anomaly. In the 
latter, the magnetic contours are rather complex, although the —1,o00o-gamma 
line has a general E—W strike direction. This contour is, however, interrupted by 
a small positive anomaly of 2,000 gammas striking from ENE to WSW. 

Before commencing with the interpretation and discussion of these results, 
it is necessary to describe the results of an investigation of some magnetic proper- 
ties of the ores. 


INVESTIGATION OF THE MAGNETIC PROPERTIES OF THE ORES 


After the completion of the field surveys additional information was obtained 
by collecting oriented specimens from the available ore exposures. Specimens 
were collected from each of the two areas studied. Efforts were made to obtain 
samples from massive ore exposures only and not from ore boulders. 

The susceptibility and the natural residual magnetization of the ore samples 
were measured by a simple technique which required no special apparatus. The 
magnetic moment of each irregularly shaped specimen was measured by using the 
vertical force variometer. The test specimen was clamped at a fixed distance 
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vertically below the moving magnet system. On rotating it about its mass center, 
two antipodal positions were found at which the maximum and minimum de- 
flections of the beam system were obtained. From the corresponding scale read- 
ings and the usual parameters (the scale factor of the magnetometer, distance 
of the specimens from the beam system, etc.) the values of the susceptibility and 
of the natural remanent magnetization were obtained. In the simple calculation 
the specimen was assumed to be a dipole and demagnetization was neglected. 


TABLE I 
— Mean Ratio of 
: No. of Mean Susceptibility 
Deposit Remanent to Induced 
Specimens (in field of 0.35 gauss) Magnetization 
Glade-Orchard 18 0.096+0.042 0.93+ 0.84 
Rock Hall 10 0.15 +0.086 10.23+12.74 


Three sets of observations were made for each specimen and the process was re- 
peated with the specimen at a different distance from the beam system. The two 
results were averaged and a mean with its standard deviation was then obtained 
for each of the two groups of specimens. The final figures are given in Table I. 

A significance test was applied to the above two sets of figures to find whether 
the two ore deposits differed significantly in their magnetic properties. 

It has been shown (Fisher, 1925) that if there are two samples of m and m2 
members and if their means are #, and # respectively, then the parameter ¢ of 
the “‘Student’s” ¢ distribution (‘‘Student,”’ 1908) is given by 


i — 
sV1/m + 
where the unbiased estimate of the sample variance, s?, is given by 
s? = (myS1? + n2S2?)/v. 


In this expression S, and S2 are the respective standard deviations, and rp is the 
number of the degrees of freedom, given by 


(1) 


v= + — 2. 


The test was applied at a 5% level of significance, which implies that the dif- 
ference between two means is significant if, for a specified number v degrees 
of freedom, the numerical value of ¢, given by Fisher’s Table (Weatherburn, 
1949) and corresponding to 0.05 probability in random sampling, is exceeded by 
t calculated from the observations by using equation (1). This significance test 
is valid for any number of members (Weatherburn, 1949). Table II gives the re- 
sults of the test. 

In both cases the calculated value of ¢ exceeds its value at 0.05 level of signifi- 
cance. In other words the difference between the two means of susceptibilities and 
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TABLE IT 
Property t (calculated) P=o0.05 
Susceptibility 2.06 
Ratio of Remanent to Induced Magnetization 2.98 2.06 


a similar difference in the case of the ratios of remanent to induced magnetization 
are real and not an accidental result of random fluctuations. Thus the ore at 
Rock Hall is more magnetic than the ore at Glade-Orchard. 

This difference in the magnetic properties of the two deposits is further illus- 
trated by the histograms in Figures 8 and 9g. The specimens from Glade-Orchard 
show a smaller scatter in the magnitudes of the two characteristic quantities. 
The susceptibilities are mostly grouped in the range 0.05 too.1 E.M.U., while the 
ratios are concentrated in the range o too.5. On the other hand, at Rock Hall the 
susceptibilities are scattered over a wider range and the ratios, though also widely 
scattered, are grouped mainly in the range from 1 to 4, with a maximum between 
1 and 2. 

The significance test was also used to try to establish a correlation between 
the susceptibilities and the corresponding magnitudes of remanent magnetiza- 
tion, but the correlation coefficients yielded ¢’s below the 5 percent level of signif- 
icance. 

In view of the crude experimental technique employed in the measurement 
of the relevant quantities, the results given in Table I involve a number of errors. 
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Fic. 8. Histograms illustrating the difference in the susceptibilities of the 
specimens taken from the two iron ore deposits. 
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Fic. 9. Histograms illustrating the difference in the natural remanent 
magnetizations of the two deposits. 


Clearly, the assumption that the specimens could be regarded as simple dipoles 
was not justified in every case. The observations were also subject to a number 
of other errors including those arising from neglecting both the effect of demag- 
netization and the effect of poles induced by the variometer magnet system. 
However, from a practical point of view, the accuracy requirements for the inter- 
pretation of the field observations were obviously liberal and, therefore, the 
results were hardly affected by any of these errors. In other words, the random 
fluctuations of the magnetic properties of the ores were comparable or greater 
than the experimental errors, which were thus virtually eliminated by the statis- 
tical treatment. 

There was one factor which may have affected the results in Table I, but 
over which it was not possible to exercise much control. This was the instability 
of the natural remanent magnetization which was found to vary both in magni- 
tude and in direction. 

The direction of magnetization in the oriented specimens was also investi- 
gated with the field magnetometer. Since the latter permitted no measurement 
of the direction, only the general sense of polarization was observed. It was found 
that seven out of fifteen specimens from Glade-Orchard were magnetized in an 
anomalous direction, and that in four of these the direction of magnetization 
was completely reversed. For the ore at Rock Hall six out of ten specimens pos- 
sessed an anomalous direction of magnetization, and five of these were reversely 
magnetized. It was not possible to obtain any obvious correlation between the 
sense of polarization in the samples and the sign of the magnetic anomalies at 
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points from which these samples have been removed. Moreover, the use of a 
compass and of a simple dip needle showed, particularly at Rock Hall, that the 
polarity varied rapidly at the surface of some exposures, frequently changing 
from normal to reversed over a distance of a foot or less. A similar effect was 
observed by Graham (1953) over some diabase dykes in Michigan. 

The instability of the natural remanent magnetization of the specimens was 
investigated by making a number of repeat observations both of the direction 
and magnitude of the intensity. Specimens exhibiting a pronounced instability 
were excluded from the statistical analysis described above. An instability in 
the direction of magnetization was observed in some specimens from Glade- 
Orchard, particularly in those derived from the large exposed vein in the west 
of the site. A very pronounced instability was found in some specimens from 
Rock Hall. In these the magnitude of natural remanent magnetization was found 
to be susceptible to mechanical shock such as from a hammer blow. One very 
strongly magnetized specimen, when oriented with its remanent vector in opposi- 
tion to the earth’s field and struck by a hammer, exhibited a 50 percent decrease 
in the magnitude of its remanent magnetization. 

The above-described investigation yielded the relevant data required in the 
quantitative interpretation of the field observations. It shows, however, the 
need for caution in the interpretation since ambiguities will arise as a result of 
the variability and instability of natural remanent magnetization. 


DISCUSSION AND INTERPRETATION OF THE RESULTS 


The Survey at Glade-Orchard 

A qualitative interpretation of the anomalies of Figure 4 is quite simple. 
First of all, the position of the two large negative anomalies indicates that at 
some points the ore has a reversed remanent magnetization exceeding in magni- 
tude the magnetization induced by the earth’s field. This follows from the corre- 
lation of the negative anomalies with the exposures of iron ore. The shape of the 
magnetic contours in the three main regions of magnetic disturbance suggests 
that these anomalies are caused by tabular ore bodies which are vertical or 
possess a very steep dip. However, a closer comparison of the anomalies with the 
existing ore exposures shows that a quantitative interpretation of the magnetic 
map cannot be simple. Owing to the mutal proximity of some of the exposed ore 
bodies and the established presence of reversed natural residual magnetization, 
a complicated superposition of the magnetic effects of the bodies must be ex- 
pected. Fortunately, in some parts of the area, particularly where the anomalies 
are positive, the conditions are not so complex. It will be shown below that a 
quantitative interpretation of these anomalies is subject to relatively few am- 
biguities. 

The vein in the west of the area is clearly defined by surface exposures and 
the interpretation of the corresponding anomaly is therefore fairly easy. All 
that is required from the magnetic observations is an estimate of the extent of 
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the vein in depth and its approximate dip. Over the whole of its exposed length 
the vein is well represented by the magnetic contours which closely follow its 
course. The horizontal displacement of the vein, caused by faulting, is clearly 
revealed by the kink in the contours along the fault line ab. The presence of the 
strong negative anomaly over the widest part of the vein indicates that at this 
point the vein possesses a strong reversed natural remanent magnetization. The 
magnetic profile BB’ (Figure 5), considered in this light, suggests the presence of 
a tabular body extending to a great depth and dipping very steeply to ESE. 
The profile over the vein along the line AA’ can be interpreted on the basis of 
induced magnetization only, and it also suggests that the ore body is an almost 
vertical tabular vein. Here the vein appears to be of a finite extent in depth, 
though the lower poles seem to be at a considerable depth below the surface of 
the ground. Taking the known width of the vein along the profile and using the 
values of susceptibility determined on ore samples, calculations were carried 
out assuming the tabular body to be two-dimensional. These suggested that the 
minimum possible depth of the lower end of the vein was about 30 ft below the 
surface of the ground, while its maximum depth could not exceed 150 ft. Further 
considerations suggested that the latter was a more likely figure and, taking it as 
indicative of the lower horizon of the whole vein, the relevant portion of profile 
BB’ was investigated. It was found then that the negative anomaly could be 
accounted for by assigning to this part of the vein a negative remanent magnet- 
ization comparable in magnitude with that observed in some of the ore samples. 

These considerations suggest that the western vein probably extends to a 
depth of about 100 ft below the level of the road at the point where the road cuts 
the vein. The three profiles suggest a progressive change in dip from vertical 
or almost vertical near the level of the road to gentler easterly dips farther uphill. 
However, the variations in the distribution and direction of the natural re- 
manent magnetization preclude any definite conclusions in this respect. 

The correlation of the magnetic observations in the central region (II) with 
the ore exposures is complicated by the mutual proximity of the exposures and 
marked variation in the magnetic properties of the ore bodies. The large negative 
anomaly, striking approximately NNE, suggests the presence of a vertical tabu- 
lar ore body magnetized in opposition to the earth’s field. Further south the 
anomaly becomes positive, joining up with the large positive anomaly of the 
eastern region (III). The surface exposures present a complex picture and suggest 
the presence of not one vein but rather of two parallel vertical veins cut by a 
third vein striking NW-SE and dipping to SSW (Zans, 19530). Clearly, such a 
distribution of ore bodies, magnetized to a varying degree by the two kinds of 
magnetization, can produce at the surface a composite effect which will reveal 
the presence of only one body. If the western of the supposed two parallel veins 
possessed a strong negative magnetization, the negative field anomaly could be 
associated with this vein only. In the eastern vein one could expect the two kinds 
of magnetization (normal induced and reversed remanent) to be so distributed as 
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to produce little effect at the surface. In other words, the magnetic effect of the 
western vein would remain almost uninfluenced while in the anomaly over the 
eastern vein a small residual would be expected, giving the composite effect of 
the two veins and the two kinds of magnetization. The small bump on the profile 
BB’ at e suggests that this is not an improbable interpretation. It must, however, 
be borne in mind that in practice the picture will be further complicated by the 
effect of the third vein striking from SE to NW, the presence of which was as- 
certained by trenching and digging after the magnetic survey had been com- 
pleted. Obviously, the conditions are too complex to permit a unique interpreta- 
tion of the anomaly in this (No. II) region. However, a general correlation of the 
observations with the exposures is satisfactory and suggests the presence of one 
or of a family of vertical or almost vertical tabular bodies, trending from NE 
and gradually curving to SE where they are interrupted by the major fault in 
the south of the area. 

A reasonably successful attempt was made to interpret quantitatively the 
profile CC’ at f and g (Figure 5). The dotted curve represents the anomalies 
calculated for the two-dimensional sheets, the positions of which are indicated 
with respect to the ground surface. The calculation was carried out on the assump- 
tion that the bodies were magnetized by induction only and that their suscep- 
tibility was o.1 E.M.U. in excess of that of the surrounding porphyry. The theoret- 
ical profile agrees fairly well with the field profile except for the minimum on 
the left hand side. Of course, this interpretation involves several ambiguities and, 
in view of the assumptions made, cannot be accepted too literally. In particular, 
it is not clear whether the left hand body is a continuation of the vertical vein 
revealed by the negative anomaly of profile BB’ or an extension of the parallel 
western vein, but it would seem that the former interpretation is the more 
plausible. Thus, though the strike direction of the vein or veins at f is uncertain, 
their steep dip towards E or ESE is clearly indicated and their trend towards 
the major fault in the south is confirmed. The vein or veins clearly end there and 
probably meet the right hand body which is an extension of the vein of the eastern 
region (III). 

The eastern anomaly III correlates very well with the natural exposures and 
parts subsequently exposed by trenching. It confirms the presence of an ore 
vein dipping at about 60° to NW and extending to a great depth. The anomaly 
is less pronounced in the northern part of the vein possibly because the latter 
is either of poorer grade, or because it consists of pure hematite, or alternatively 
because it contains an appreciable amount of pyrite. The latter explanation is 
probably correct in view of the presence of some pyrite in exposures at the lowest 
elevation. However, profile A.A’ (Figure 5) at shows pronounced minima, sug- 
gesting that the influence of the lower poles becomes effective. This latter in- 
terpretation would appear to confirm the deductions made from the observa- 
tions over the vein in region No. I where the results suggested a finite extent in 
depth of the ore body. The theoretical profile in Figure 5 fits the field profile 
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very well and clearly indicates the extension of the vein towards the fault in the 
south. A magnetic profile, approximately in the plane of the fault and centered 
on point m, was subjected to analysis using a geometrical construction due to 
Jung (1953). The analysis suggested that the vein is about 50 ft below the surface 
of the ground, dipping to the northwest at 55°. An exposure along the fault of 
siliceous low grade ore seems to be an offshoot of the main vein which is con- 
cealed and which appears to end abruptly at the fault. As mentioned before, the 
central vein system (II) possibly joins the eastern vein at this point. 

Jung’s geometrical method was also used to interpret the small positive 
anomaly at k, and suggested the presence of a thin vein dipping gently to SE 
and buried at a depth of about 50 ft. The other small anomaly at ¢ may be due 
to a small vein parallel to the big eastern vein. 

The positive anomaly centered on point d (Figures 4 and 5) was subjected toa 
more rigid analysis. The dotted curve along the line AA’ (Figure 5) gives the 
anomaly due to a two-dimensional body whose position and dimensions are 
shown in the diagram. The theoretical and the field curves agree fairly well, apart 
from the pronounced minimum on the left hand side. In view of the assumptions 
made, this interpretation is clearly an approximation. It is highly probable, 
however, that the anomaly is caused by a deep-seated body, possibly a replace- 
ment deposit in limestone at its juncture with the porphyry sill. Since most of 
the veins appear to be dipping towards this focus centered on d and approximately 
parallel to the line joining points d and s, this may be a kind of a source of the 
vein system. 

Some of the ore exposures appear to have produced no magnetic effect what- 
soever. This is true of the large and distinct vein which branches off in the NW 
direction from the main eastern vein. The effect of this vein, which was exposed by 
trenching and which dips to the SW, is apparently masked by the effect of the 
main vein. Similarly, the sequence of exposures east of the 1,000-gamma contour 
centered on point d does not appear to have produced any marked magnetic 
effect. This is not surprising since all these exposures may consist of pure hematite 
(a-Fe.,0;) which is noted for its very weak ferromagnetic properties. Another 
effect, also to be considered, is that of addition or neutralization of the two kinds 
of magnetization: an induced normal and a reversed remanent magnetization. 
This can really be anticipated in every case encountered in this survey, but it 
seems that in the case of the main ore bodies one of the two magnetizations can 
be neglected in comparison with the other. 

Recapitulating, the observations reveal the presence of a whole family of 
veins whose structure appears to be that of concentric sheets dipping towards 
a common focus, a hypothetical replacement body which may be the source of 
these veins. The concentric structure has, of course, been largely upset by fault- 
ing, but the over-all picture is doubtless of this character. The reduction in the 
magnitudes of the main anomalies at the elevation of the road gives a consistent 
picture of the extent to which the veins persist in depth. The main anomalies 
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correlate well with the ore exposures, but quantitative interpretation is not 
generally possible, owing to the presence of irregularly distributed remanent 
magnetization. Since the negative anomalies occur side by side with the positive 
anomalies, and the latter can be interpreted in terms of induced magnetization 
only, it would appear that the bulk of the remanent magnetization is anomalous 
in direction and mostly reversed. This conclusion is confirmed by an anomalous 
or reversed polarization of half of the investigated ore samples. No evidence is 
available as to whether this polarization has been imposed by a reversed geo- 
magnetic field at the time of the formation of the ores (Vincenz, 1954) or whether 
it is due to the rare phenomenon of the so called self-reversal of thermo-remanent 
magnetization (Nagata, 1952). 

On the whole, the results confirm the geological hypothesis of cone-sheet 
formation of the deposits; they reveal the continuity of the main veins, giving 
an estimate of their extent in depth, and suggest the presence of a number of 
concealed ore bodies. 


The Survey at Rock Hall 


The magnetic contour lines of the Rock Hall area (Figure 6) can be best in- 
terpreted in terms of a single ore body. The shape of the contours and the ap- 
proximate parallelism between the positive and the negative anomaly suggest 
that the interpretation can be carried out by assuming the ore body to be tabular. 
The presence of very strong vertical field intensity indicates that the natural 
remanent magnetization cannot be neglected in the interpretation, a conclusion 
clearly confirmed by the observations made on ore specimens. 

There are, however, a number of complexities in Figure 6 and these cannot 
easily be reconciled with the assumption of a simple tabular body. The simple 
interpretation is complicated by the fact that there are two strike directions: 
one associated with the 8,ooo-gamma contour, and the other with the 6,000- 
gamma contour. A quantitative interpretation of this part of the magnetic map is 
handicapped by the fact that a magnetic profile line taken across it would have 
to cross regions where there are violent changes in vertical intensity, exceeding 
the range of — 15,000 to + 15,000 gammas. These large variations imply not only 
that the buried ore has remanent magnetism, but also that the direction of 
magnetization is at some points anomalous and in opposition to the direction of 
the earth’s field. Among a number of possible explanations, this may mean that 
the ore body is not everywhere massive but consists of broken up ore or boulders 
detached from the main ore body and twisted around. However, it may be more 
likely that a strong and variable remanent magnetization is the primary cause of 
these changes as previously discussed. It is clear that the magnetic conditions 
are too complex to permit a successful quantitative interpretation based on 
geophysical data alone. 

A reasonably successful attempt was made to interpret quantitatively the 
magnetic profiles along the lines AA’ and BB’ in the part of the area where the 
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conditions are more uniform. These profiles, given in Figure 7, have been fitted 
to the curves shown by the dotted lines and computed for the two-dimensional 
bodies as shown in the figure. The magnetic quantities used in these calculations 
were obtained from the statistical analysis of the observations made on the ore 
samples. The value of 0.15 E.M.U. was accepted as the susceptibility of the ore. 
The remanent intensity of magnetization was taken as normal in direction and 
its magnitude was selected on the basis of the relevant histogram in Figure 9. 
This showed a maximum in the range of the ratios between 1 and 2, and the 
ratio 1.3 was found to suit the interpretation of profile AA’ best. In the case of 
profile BB’, however, a ratio of only 0.55 was necessary to account for the field 
anomaly. The average susceptibility of the surrounding country rock was taken 
as o.or E.M.U. 

Both computed curves suggest that the field anomaly is caused by a rela- 
tively shallow tabular body about 20 ft thick, striking through the points @ and 
b (Figure 7) and dipping steeply towards the SSE. The body appears to extend 
in depth to a distance of at least 200 ft below the average level of the surface of 
the ground. The relative shallowness of the top of the body as well as its position 
are corroborated by the presence in the gully of ore exposures which, according 
to this interpretation, represent the northern flank of the body. 

The small positive anomaly of 2,000 gammas in the north of the area is asso- 
ciated with a small zone of mineralization revealed by an exposure of somewhat 
weathered ore. 

The decrease in vertical intensity in the southwest of the site suggests that 
either the mineralization of the hornfelses is here less intense or that the zone 
of mineralization is buried at a considerable depth. The last possibility seems 
likely because the ground rises steeply towards the SW. Further observations, 
not described here, revealed additional areas of magnetic disturbance. These 
could again be accounted for either in terms of iron ore bodies or of highly fer- 
ruginous hornfelses. All the results suggested that, proceeding from south to 
north, the ore bodies are dipping steeply to the SSE, SE, and E, respectively. 
It would appear, therefore, that the metamorphic beds mineralized in places to 
iron ore possess a similar dip and are part of an anticline, the roof of which is 
in contact with the granodiorite in the north of the area and which is covered 
unconformably in the south by the Tertiary limestone. 


Discussion 


The above analysis reveals the usual uncertainties and ambiguities inherent 
in magnetic anomalies. The main ambiguity is caused by the presence of natural 
remanent magnetization which lacks uniformity both in magnitude and direc- 
tion. However, in some parts of the surveyed areas the magnetic conditions are 
more uniform and it was possible to interpret the results on the basis of induced 
magnetization only (Glade-Orchard) or by invoking in addition the presence of a 
uniform normal remanent magnetization (Rock Hall). No doubt, with some effort 
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even the most complex anomalies could have been interpreted. But, owing to 
the great number of unknowns, little benefit would have been derived from such 
interpretations. From a practical point of view it was thus much better to carry 
out the interpretation of the less complex anomalies only. 

An unavoidable complication in the interpretation of the field profiles re- 
sulted, of course, from the unevenness of surface topography. Clearly, the field 
anomalies could not be interpreted correctly by constructing the theoretical 
curves in relation to a horizontal ground surface. The calculations were, therefore, 
carried out for the actual points on the ground surface. A graphical technique was 
employed to speed up the computations and avoid their tediousness. In this, a 
two-dimensional gravity gradient and differential curvature graticule was used 
and the vertical intensity was computed in the usual manner, using the well 
known relation between magnetic and gravitational anomalies (see, for instance, 
Heiland, 1940). This procedure is, of course, applicable only to bodies of uniform 
magnetization, and in the present case the effect of demagnetization was neg- 
lected. 

The interpretation of the anomalies in terms of two-dimensional bodies is 
also an approximation. In particular, where the longitudinal axis of a given 
magnetic contour is comparable in length with its transverse axis, an approxima- 
tion to a two-dimensional body can lead to appreciable errors in the interpreta- 
tion. Generally speaking, the assumption of two-dimensionality can lead to an 
underestimation of the size of the buried body. This, for instance, may probably 
be true in the case of the deep-seated ore body regarded as a source of the vein 
system at Glade-Orchard. However, in view of the non-uniformity of remanent 
magnetization and of other ambiguities, it would serve no useful purpose to 
apply a correction for three-dimensionality here and in other specific cases. 

The problem of the origin of the natural remanent magnetization is, of 
course, of special interest, but it is really outside the scope of the present paper. 
Nevertheless there are reasons to believe that in the future the presence of nat- 
ural remanent magnetization will not be a handicap but an asset in the inter- 
pretation of magnetic results, and its study will yield information concerning 
the chemical composition of an iron ore and the mode of its formation in the past. 


CONCLUSIONS 


The importance of the above-described work lies in its practical value. With 
very little expense and with simple field equipment and primitive laboratory 
techniques, a wealth of information was obtained concerning the continuity 
and depth extent of known ore bodies and the presence of unknown ones. These 
results should be of interest to those mining geophysicists who are at times faced 
with the dilemma of choosing the most economical magnetic method. Clearly, 
if an airborne magnetometer is to be flown in areas where there are large varia- 
tions in surface elevation, the mean height of flight must be appreciable. As a 
result, aeromagnetic observations may not reveal much detail, and the cost of 
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such a survey may not be warranted by the information gained. Under these 
circumstances, if the given area is in high or medium magnetic latitudes and the 
approximate location of the deposits is known, a single vertical-force variometer 
may supply the required information at a far smaller cost than an airborne 
instrument. In particular, as in the present case, when small-scale and shallow 
structures are investigated, the ground instrument appears to be decidedly 
superior. Of course, the use of a helicopter should in general provide a happy 
solution of the dilemma; but it seems that in Jamaica the ground instrument is 
preferable in view of the complicated weather conditions in the gorges and can- 
yons of the Blue Mountains, where the majority of the iron ore deposits are 
known to occur. Experience suggested that, in spite of the difficulties in negotia- 
ting the terrain on foot, the ground instrument was more versatile and more 
economical. 

The above conclusions do not, of course, invalidate the usefulness of aeromag- 
netic surveys in general exploration. The airborne magnetometer is doubtless 
invaluable as a reconnaissance tool with which areas of interest can be located 
prior to detailed ground (or helicopter) surveys. In point of fact there are reasons 
to believe that aeromagnetic surveys will be necessary in some areas of Jamaica 
before detailed ground surveys can be undertaken. So far, however, the ground 
magnetometer was found to be quite adequate both from the technical and the 
financial point of view. 

In the work described above, the basic magnetic properties of ores were in- 
vestigated with a simple and economical experimental technique supported 
by simple statistical analysis of the results. It was shown that, even with a very 
small number of ore specimens, significant results can be obtained if the observa- 
tions are correctly analyzed. 

Another important feature of the two surveys was the perfect cooperation 
between the geophysicist and the geologist. This cooperation was particularly 
fruitful in the case of the survey at Glade-Orchard, where the joint work resulted 
in the discovery of ore reserves estimated to exceed 1,200,000 tons. 

The exploration work in the Rock Hall area has not yet reached the stage 
where deductions can be made concerning the economic value of the deposits. 
The results of observations given in this paper refer, of course, only to a portion 
of the surveyed area. 

In the case of the Glade-Orchard deposits, a lease has already been granted 
to a mining company, and it is estimated that, as soon as suitable roads have been 
constructed, 20,000 to 30,000 tons of ore will be mined per month by open-cast 
workings and shipped to the United States (Strouth, 1954). 
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ABSTRACT 


The electric analogue device described below was designed to determine the relationship between 
the true resistivity of a ground formation and the apparent resistivities obtained by various electrode 
arrangements. This analogue is a network model which simulates properties of the formations and 
other pertinent variables encountered in actual logging. 


STATEMENT OF THE PROBLEM 


The resistivity of a formation is ordinarily determined by energizing the for- 
mation with a known current J and measuring the potential difference AV 
between a pair of points within it. In an idealized formation, i.e. one which is 
infinitely thick, uniform, isotropic, and axially symmetric about a borehole of 
infinitely small diameter, such measurements, if made with small spherical elec- 
trodes, would determine the true resistivity, R,, of the formation, by use of the 
relationship 


(1) 
7 I 


The constant K depends only on the separations of the current and potential 
electrodes used, and can be easily determined. 

In practice, however, almost none of these simplifying assumptions are 
applicable, and the measurements are greatly influenced by the presence of 
many disturbing factors. For such formations, the resistivity values obtained 
from potential measurements and the use of the expression K(AV/J) are gen- 
erally different from the true resistivities, and they are properly referred to by 
the term apparent resistivity (R.). Hence, the relationship which is applicable 
to resistivity logging is 


(2) 


Not only is it generally true that R, and R; are unequal, but the relationship 
between them is not a simple one. For a given bed-and-electrode arrangement, 
a knowledge of R, and of other measurable factors (such as the thickness of the 
formation, 7, the resistivity of adjacent beds, R,,, the resistivity of the mud, 
R,, and the hole diameter D) might be expected to yield R; directly; actually, it 
fails to do so because, to date, it has proved impossible to find an explicit rela- 
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tionship of the form: 
Ri = T, Rn, D). (3) 


For this reason, it is desirable to approach the problem indirectly by attempt- 
ing to find R, as a function of R;, determining R, for the usual range of values 
of each of the variables on which it depends, and using these data to provide 
graphs or tables of R, vs. R; so that one can be determined from the other. 
Electrolytic models have been used for this, but these are practical only for a 
limited number of cases which, generally, are not very realistic: for instance, 
when the beds have infinitely high resistivity and the boundary formation has 
the same resistivity as the mud. On the other hand, a uniform bed of finite resis- 
tivity is difficult to simulate with a simple electrolytic model, and this difficulty 
increases greatly when the geometry becomes complex. 

A second method of determining R, utilizes the fact that it isa known multiple 
of AV, for a given electrode arrangement and current [see equation (2) |, and that 
the potential function V satisfies Laplace’s equation with proper boundary con- 
ditions. For a limited number of cases (such as those involving infinitely thick 
beds) this solution can be written explicitly in the form: 


Rq = F(Ri, T, Ren, Rm, D). (4) 


However, for most cases a rigorous solution of Laplace’s equation is not ob- 
tainable and an approximate solution to it must be used. This is provided by a 


suitable resistance network, as shown below. 

If the formation is symmetrical about the borehole axis (as will be assumed 
throughout), the solution must determine V for each position (r, 2), where r is 
the radial distance to a formation point from the axis and z is its vertical dis- 
placement. An approximate solution is obtainable by reducing the (r, 2) plane 
to a finite number of points, the intersection points of a fine grid of lines covering 
the plane. (A portion of such a grid is shown in Figure 1.) Laplace’s equation, 
V?V =o, is then replaced by the corresponding difference equation: 


Vi-—Vo 
A B C D 


=o (5) 


where V; is the potential at the point P;, and 


L? 
A=C=k— 
4 
(r1 + ro) (12 11)? 
2(3r1 + 12) 
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Fic. 1. Section of formation through the borehole axis subdivided by 
radial and vertical lines. 


In equation (6), & is a proportionality factor for A, B, C, and D; and L, n, and re 
are as indicated in Figure 1. 

A function V which approximately satisfies equation (5) can be found by 
numerical methods such as the Southwell relaxation method (Southwell, 1940, 
1946), but the procedure for most cases is very lengthy. An electric analogue 
provides an alternate method of solution. Its principle is summarized below; more 
detailed information on the validity of the analogue can be found in an article 
by Liebmann (1950) from which part of the following discussion is taken. 


NATURE OF THE MODEL 


If the nodal points P; shown in Figure 1 are joined by resistors in the r and 
z directions, a network such as is shown in Figure 2 will result. 

When a current J passes through the network, the four currents flowing into 
any nodal point, such as Po, will sum to zero. Thus, if V; represents the voltage 
at a point P;: 


¥,’ V0’ V2’ = V0’ V3’ Vo’ Va’ Vo’ 
—-+ + +— 
R, R;! Ry 


= 0. (7) 
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Fic. 2. Portion of electric analogue near nodal point Po corresponding to 
formation point at depth z» and radial distance ro. 


It can be seen that if R,’, Re’, R;’ and R,’ are chosen to be equal, respectively, to 
A, B, C, and D of equation (5), the potential V’ of equation (7) and V of equa- 
tion (5) will be the same. The same reasoning holds, of course, throughout the 
entire grid. When current is impressed on the network at nodal points corre- 
sponding to the current electrodes in the formation, the potential measured at any 
network point will be approximately the potential which exists in the actual 
formation at the corresponding point. In particular, the potential difference 
between points corresponding to the potential electrodes of an actual logging 
device will be nearly the same as that which the logging device would measure 
in the ground. Using equation (2) the value of R, can be simply determined from 
this potential difference. 


RESISTOR VALUES 


The preceding discussion has indicated the validity of the network analogue, 
but has not shown how to determine k of equation (6) so that A, B, C, and D, and 
their equals, R,’, Ro’, R3’, and Ry’, are appropriate to the formation being simu- 
lated. These resistance values can be otherwise obtained by noting that if the 
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potential drop (V;’— Vo’) between two network points is to be equal to the poten- 
tial drop (V;— Vo) between corresponding formation points, then also 
/ 
Vi’ — Vo V; (8) 
I I 

where R; is the resistance of the formation to the flow of current between Po 
and P;. As Figure 1 is an axial section through the formation it is apparent that 
R,, for example, is approximately equal to the resistance to the vertical flow of 
current of a ring of formation centered on the bore axis and having a cross-section 
cdP,P2 in the axial plane. Similarly, Rz is approximately equal to the resistance 
to the horizontal flow of current of a ring of formation having a cross-section 
acP,P3 in the axial plane. If the formation has resistivity p at Po, these resist- 
ances are: 


pL 
R/ =k = (9) 


— 


pL 


(10) 


— 


log (: + (11) 


log (: + (12) 


271 


1+ 


From any of the equations (9) through (12), the value of & is found to be equal 
to 


anL 


DESCRIPTION OF MODEL 


A very simple network model was first built in 1947, and the re: 'ts obtained 
with it were so encouraging that in 1949, at the request of several major oil com- 
panies, the writer undertook to construct a large scale analogue device for a 
comprehensive resistivity logging research project. In it, the size of the network 
mesh was determined by two considerations. One was the necessity for a fine 
mesh in the vicinity in which potential measurements are made and the current is 
most dense (i.e., near the center of the formation axis). The other was the de- 
sirability of reducing the number of resistors elsewhere the maximum amount 
consistent with the accuracy desired. These considerations resulted in a network 
containing approximately 300,000 resistors, arranged in panels such as those 
shown in the photograph of Figure 3, and representing a formation with height 
and radius 250 and 200 hole-diameters respectively. 

The portion of the network representing a formation height of one hole- 
diameter (and radius 200 hole-diameters) is normally composed of approximately 
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Fic. 3. Section of the resistance network. 


180 resistors. The resistor values used to simulate a formation of unit resistivity 
range between 0.0003 and 55 ohms. The network required to simulate any given 
formation occupies approximately 400 sq ft; a total of about 1400 sq ft is occupied 
by all of the network needed to simulate a comprehensive range of resistivities. 


CONDITIONS FOR WHICH THE MODEL IS APPLICABLE 


The large-scale model permits the following factors to be varied: 

(a) The resistivity of the bed or beds of interest, 

(b) The resistivities of the beds constituting the boundary formations, 
(c) The resistivity of the drilling mud, 

(d) The electrode separations, 
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(e) The thickness of the bed or beds of interest, 

(f) The thickness of the beds constituting the boundary formations, 

(g) The bore diameter, 
and, in the case of beds invaded by mud filtrate, 

(h) The invaded zone resistivity, 

(i) The invaded zone diameter. 

Items (a) through (i) can be classified into two kinds of quantities, resistiv- 
ities and linear dimensions. Note that within each group, one member can be 
used to establish the scale of the model. For example, the selection of the mud 
resistivity, Rn, to be the unit of resistivity, permits all other resistivities, R, 
to be expressed as dimensionless ratios R/R,». Similarly, the bore diameter, D, 
for example, can be selected as a unit measure of length, and any other length / is 
given in number of bore diameters //D. Thus, it is apparent that the nine vari- 
ables ( (a) to (i) above) can be reduced to seven independent factors, the two 
omitted ones having been chosen to be the mud resistivity and the bore di- 
ameter. 

The model was designed to represent a system for which the following 
premises hold. 

(a) The system is axially symmetrical about the bore hole. 

(b) Each bed or formation is uniform, isotropic, and horizontal. In the case 
of mud-invaded beds, the invaded zone is uniform and isotropic. The 
boundary between the invaded and the non-invaded zone is a vertical 
cylinder centered on the bore axis. 

(c) The cable carrying the electrode assembly has a uniform diameter and is 
centered on the system axis. 

(d) The bore hole is vertical and its diameter is uniform. The mud which it 
contains has a uniform resistivity. 

(e) The current electrodes and the potential probes are circular cylinders 
centered on the bore axis. They are mounted either on a non-conductive 
cylindrical body or on the cable. 

Although the model here described is limited to the geometry specified above, 

a similar model can be made to simulate any other geometries, even extremely 
complicated ones. 

The portion of the model representing the bore hole is a network simulating 
a bore diameter of unit length, a mud of unit resistivity, a cylindrical sonde, and 
a cable above the sonde. In order to permit logging of the formation, the mud 
network and the formation network are separate units joined by a switch which 
permits them to move vertically relative to each other. 

The network representation for mud-invaded beds presents no added problem 
except that of further radial subdivision of the formation network if the mud- 
invaded zone does not terminate along a vertical set of nodal points. 

The total height and radius of the model provides a satisfactory analogue for 
the logging of beds up to sixty ft thick, bounded by at least fifty ft of shale or 
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other material above and below, and cut by an eight-inch hole, using electrode 
separations of up to nearly fifty feet. 


RECORDING OF MODEL DATA 


Resistivity measurements are made by impressing a direct current between 
two network points representing the current electrodes. The current used ranges 
from gt wamp to 45 milliamp depending on the formation resistivity and the 
electrode spacings used. Potential differences between appropriately spaced po- 
tential probes are then recorded as resistivities, by a suitably calibrated instru- 
ment. Voltages ranging from 0.5 mv to 5 v are obtained. Resistivity measure- 
ments are taken at closely spaced nodal points along the bore axis. The data are 
recorded to show resistivity as horizontal displacement with the corresponding 
depth given by the vertical scale. However the discrete points which would be so 


Resistivity 


Ist. Nodal Pt. 


2 nd. Nodal Pt. 


Fic. 4. Step function illustrating typical profile obtained from the network analogue. 


obtained are connected by a series of vertical and horizontal lines so that the 
resultant profile is a step function such as is shown in Figure 4. Logs recorded 
during preliminary stages of the project exhibit long vertical rises (such as A 
and B of Figure 4) due to the use of an expanded depth scale to facilitate com- 
parison with logs obtained from an electrolytic model (described below). Logs 
obtained later and currently have smaller vertical rises so that the step function 
closely approximates a continuous curve. 
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Examples of logs obtained from a small network model, built for preliminary 
experiments, are shown in Figures 5 and 6. The step-type curves are logs made 
on the network model with the electrode arrangements shown in the figures: C 
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Fic. 5. Comparison of network (step-curve) and electrolytic (smooth-curve) model resistivity 
profiles of a thick resistant bed using a two-electrode (normal) arrangement. Figures on the left 
denote bed resistivities. 
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denotes the current electrode, and P and P’ the potential probes; the beds simu- 
lated are of infinite resistivity and the surrounding formations and mud have a 
resistivity of one ohm-m. The smooth curves are the corresponding logs made, for 
comparison purposes, on a conventional electrolytic model simulating the same 
conditions. In this model, the beds of infinite resistivity are bakelite cylinders, 
and the surrounding formations and mud are simulated by water. 


Rm =! 


Hole Diameter =i 


Fic. 6. Comparison of network (step-curve) and electrolytic (smooth-curve) model resistivity 
profiles of a thin resistant bed using a three-electrode (lateral) arrangement. Resistivities of beds 
same as in Figure 5. 
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: Figures 7 and 8 are unretouched reproductions of model resistivity curves. 
Figure 7 shows two typical three-electrode resistivity profiles for a sequence of 
| resistive beds within a low resistivity formation. These curves were obtained 
| from the larger network model, whose scale dimensions were mentioned above, 
under identical conditions except that the mud resistivity for the first profile is 
1.0, and for the second is 0.2. At certain positions in the formation the apparent 
resistivity can be seen to be highest when the mud resistivity is lowest. This 
anomaly would also be observed in the logging of actual formations. 

The two resistivity curves of Figure 8 were also obtained from the large- 
scale model. The figure on the left shows the profile of a low-resistivity bed in- 
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Fic. 7, Three-electrode (lateral) resistivity curves of a sequence of resistive beds made on full-size 
network model using two mud resistivities. Figures on the left denote bed resistivities. 
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Fic. 8. Typical three-electrode resistivity curves of invaded and non-invaded beds. Figures on 
the left denote bed resistivities. For left-hand curve, resistivity of invaded zone is 6, diameter of 
invaded zone is 9.6. Horizontal scale same as in Figure 7. 


vaded by mud filtrate; the profile on the right was obtained from a non-invaded 
bed which may be regarded as the same low-resistivity bed but with infinite 
diameter of invasion. 


DEPARTURE CURVES 


From each of the resistivity profiles such as those shown in Figures 5 to 8, 
a peak or optimum resistivity value can be chosen which characterizes the entire 
physical setup being simulated. This particular value is called the apparent re- 
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sistivity, R., of the bed for the chosen conditions. Use is made of the resistivity 
values so selected by the drawing of departure curves, such as those shown in 
Figures g and ro. A set of such curves, covering the usual range of variables en- 
countered in logging, provides the solution to the problem previously formulated, 
i.e., of relating R, and 


ACCURACY OF THE MODEL 
Figure 9 shows, in addition to network model departure curves, comparable 
curves calculated for almost identical conditions, the slight discrepancy between 


them being due to differences between the electrode sizes and shapes for the two 
cases. The calculated data assume spherical electrodes of infinitesimally small 
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Fic. 9. Resistivity departure chart for two-electrode (normal) arrangement. Dashed lines are 
calculated data for small spherical electrodes. Solid lines are model data for electrodes of conventional 
size. 


diameter, while the model simulates cylindrical electrodes of finite size. Despite 
certain inherent inaccuracies discussed below, which are due to the design of the 
model as an approximation to actual conditions, its data are in good agreement 
with the results of other theoretical and experimental work. The agreement 
shown in Figures 5 and 6 between network and electrolytic model data is typical 
of the results generally obtained. 

Any error in the data due to resistor inaccuracy is negligible. In the critical 
region in the vicinity of the electrodes, resistors accurate to +2 percent were 
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used and those having positive departures from the desired values were alter- 
nated with resistors whose departures were negative. The accuracy was gradually 
decreased from 2 percent to 20 percent at the formation edges, but here too the 
resistances were paired in the same manner. The resultant over-all error due to this 
source is less than 1 percent. Broken or unstable resistors result in much larger 
errors, but the existence of these can usually be detected on the resistivity curves. 

Electrical measurements are made with Brown ElectroniK recording po- 


Ro/ Rp 


Sp/D 


Fic. 10. Departure chart showing peak resistivity values for thin, invaded beds using three- 
electrode (lateral) arrangement. Ratio of diameter of invasion to hole diameter is 5.26. Ratio of 
invaded-zone resistivity to mud resistivity is 21. 


tentiometers, which are standardized before each pass. The recording system has 
an accuracy of better than 1 percent. 

Model error is, therefore, primarily due to the approximation of a continuous 
medium by a finite-sized mesh. The mesh-size was determined empirically so 
that it would check available calculated cases and measurements on an electro- 
lytic model. A further check is made by logging a network simulating an ex- 
tremely thick, uniform medium, to obtain a straight-line resistivity curve of 
known, constant amplitude. 
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SCOPE OF MODEL INVESTIGATIONS 


To date, approximately 3300 logs have been obtained from the model, cover- 
ing single beds, both invaded and non-invaded, sandwich-type formations, and 
hard-capped beds, and utilizing conventional electrode arrangements as well as 
Limestone Electrodes, Guard-Electrodes and Laterologs. Some of these data 
will be the subject of a future article. 

This network model can be used not only for resistivity logging investigations 
but also for S.P. and temperature logging and, in general, for the solution of 
any steady-stage problem which has axial symmetry and which can be repre- 
sented by Laplace’s equation. 
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MUTUAL ELECTROMAGNETIC COUPLING OF LOOPS 
OVER A HOMOGENEOUS GROUND* 


JAMES R. WAIT 


ABSTRACT 


Computations are presented for the mutual impedance between small wire loops situated on or 
over a semi-infinite conductor. The results have application to electromagnetic methods of geo- 
physical exploration. 


INTRODUCTION 


In recent years some attention has been paid to the determination of the elec- 
tromagnetic fields of current-carrying insulated wire loops near conducting media. 
In general the problem is very complicated, since a solution of the Helmholtz 
wave equation must be found which satisfies the boundary conditions at the 
interfaces between the different media. Furthermore, this solution must behave 
properly near the source and must give rise to outgoing waves at infinity. When 
the results are to be applied to the propagation of horizontally polarized radio 
waves over the surface of the earth it is usually permissible to represent the 
source as a vertical magnetic dipole. The earth is then regarded as a homogeneous 
conducting sphere and the formal solution is further simplified by the assumption 
that the detector is at a large distance from the source compared to the wave- 
length. For special applications, however, such as electromagnetic prospecting, 
the fields are usually observed at distances sufficiently close to the source that 
the earth can be regarded as flat and the separation is small compared to the 
wavelength. 

It is the purpose of this paper to review briefly some of the previous studies 
on the fields of wire loops or magnetic dipoles at short distances from their 
source, over a homogeneous and conducting half-space and to present the results 
in graphical form. Some new numerical results are then reported which are be- 
lieved to be of interest in connection with recently developed airborne techniques 
of electromagnetic exploration (Cartier, 1952). 


THE WIRE LOOPS IN FREE SPACE 


In most applications the source can be represented by a circular loop of area 
A, with N, turns. The field of the source loop can then be observed by a receiving 
loop which has an area A, and Ne turns. Under the approximation that the 
separation p between these loops is small compared to the wavelength but large 
compared to the respective diameters of the loops, the mutual impedance Zo 


* Manuscript received by the Editor November 9, 1954. 
+ Radio Physics Laboratory, Defence Research Board, Ottawa, Canada. Now at National 
Bureau of Standards, Boulder, Colo. 
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between the loops assumes a simple form. When the loops are coaxial and situ- 
ated in free space it follows that Z)=2k where k=iwNiN2AiA2X10~"/p* in 
M.K.S. units and w is the angular frequency. When the loops are co-planar and 
separated a distance p between loop centers, it follows that Z)=k. 


WIRE LOOPS ON A HOMOGENEOUS HALF-SPACE 


The coupling between the two loops in the presence of a conducting homogene- 
ous half-space is now denoted by Z for an angular frequency w and ground con- 
ductivity o. Again it is assumed that the separation p is small compared to the 


4 MUTUAL COUPLING BETWEEN 
SMALL LOOPS ON A FLAT |— 
|... . | HOMOGENEOUS GROUND 
= | | | 
4 
| 
| & x | 
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NUMERICAL DISTANCE (cp.w)'2¢ 


Fic. 1. The mutual impedance ratio between small wire loops as a function of the 
ground conductivity, frequency, and separation. 


free-space wavelength, and displacement currents in the ground are neglected. 
Six different configurations of the loops are shown schematically in Figure 1 and 
the ratio | Z/ Zo| is plotted as a function of (cuow)'/2p for each case. The working 
formulas (Wait, 1951, 1953a@ and 1954; Wait and Campbell, 1953) and the 
appropriate value of Z» are listed as follows in the usual notation of the author’s 
previous papers. 
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VI. 


II. 


III. 
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. Co-planar loops lying on the surface of the ground: 


2 


Z/Zo = [9 — (9 + ove + + | (x) 


with Zo = k, (topow) 47 x 107”. 
Co-axial loops situated just above the ground: 


ew 12 
YP YP 
with 2k. 
Co-planar loops with axes parallel to and just above the ground: 
eve 3 
= "(3+ +1 - (3) 
YP 


with Z)>=k. 
The first loop is lying on the ground and the second loop has its axis parallel 
to the ground and on a radial from the first loop: 


= — — — IoKo) + Ko — + 1611K3| 
2 


with Zo= 2k. Io, 1, Ky and are modified Bessel functions with an argument 
vp/2. 


. The first loop is lying on the ground, the second loop is co-axial with the 


first loop and is situated within the earth: 


Z/Zo = (12 + + + 


— 3[(a + 8a) Ki(a) + 4Ko(a) | 


(5) 


with Zp= 2k and a= yp. 

The first loop is"situated just above the ground with axis parallel to the 
ground and the second loop with its axis parallel to the first is situated 
within the earth: 


— YP 
(12 + 12yp + + 
(6) 


+ y*p?) Ko(ye) + (24 + | 


Z/Zo = 


with Zo 
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The derivation of the above expressions can be found in the references quoted. 
The extension of these results to a stratified ground is very difficult in general; 
however, certain special cases are amenable to analytical treatment (Wait, 1951 
and 19530; Belluigi, 1952). In any case it is desirable to have available for ready 
reference quantitative curves for the homogeneous ground. The departure of the 
actual curves from these can be regarded as a perturbation resulting from stratifi- 
cation or from inhomogeneities of other kinds. 


COUPLING FOR AIRBORNE LOOPS 


Up to this point the results have been restricted to loops either on or within 
the conducting half-space. It is also desirable to investigate the case where the 
loops are both situated at a finite height above the interface. Choosing a cylindri- 
cal polar coordinate system (p, ¢, z), the source loop can be represented by a 2- 
directed magnetic dipole of strength C located at (0, 0, hk) with respect to 
the conducting half-space defined for all negative values of z. The magnetic field 
components of this vertical magnetic dipole are then given by 


= A,? + a, 
H, = H,? + H,* (7) 
Hs 


where the primary fields are affixed with a superscript p and the secondary fields 
resulting from the presence of the conducting half-space are affixed with the 
superscript s. It is well known that 


3C(s — h)? 
H,?= + ’ (8) 
Co(z — h 
H,» = 3Ceo(z — (0) 
+ 
From a previous paper (Wait, 1951) it follows that 
H,=C e(ht2) J (10) 
and 
— 2)1/2 
for z20. 


For the purposes of computation it is convenient to rewrite the latter two 
expressions, after a change of variable, in the form 


1 The formulas indicated in cases II and III were derived originally by Belluigi (1949), who used 
a different method. 
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C 
A= 
C (12) 
6 
where 
a) (g? 2i)1/? g 
T (A, B -f 2e-9A J d 
o(A, B) o(gB)dg (14) 
and 


(g? + 2i)'? — g 

TA, B) = (15) 
+2 

with A = (z+h)/65, B=p/6, and 6= V 

The integrals J) and 7), which are proportional to the secondary field, cannot be 

expressed conveniently in closed form. They have been, however, programmed on 
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Fic. 2. The mutual impedance ratio for co-planar loops both above the ground. 
the Ferranti computer at the University of Toronto by Dr. W. C. Fraser. The 


results of this computation are listed in Table I and it is quite possible that they 
have other applications. 


; 
| 7 
@, 
H 
; 
/ | 


MUTUAL ELECTROMAGNETIC COUPLING OF LOOPS 635 


TABLE I 


THE Functions 7o(A, B) AND 7;(A, B) AS CALCULATED ON THE U. OF TORONTO FERRANTI 
CoMPUTER* 


Real Part of | Imaginary Part Real Part of Imaginary Part 
To(A, B) of To(A, B) T,(A, B) of T,(A, B) 


202910 - 593397 .013812 .086205 
198812 - 542901 .027007 -157145 
-174481 «332304 .058812 . 240680 
. 119304 105404 .082089 183441 
.070718 -017130 .080153 109631 
.036311 .012953 .067175 .059476 
.002766 .017954 -037394 .012488 


.112284 «197405 .005037 .017846 
. 191023 .O11749 .034661 
. 102660 .153718 .027368 .071682 
079333 078759 043779 -083958 
.053875 .028507 .048103 .065507 
.032612 .003314 .044502 .043202 
.007381 .009467 .029248 .013820 


000 


.069284 .090232 .003090 .006289 
.068737 .088545 .006137 .012384 
.065065 -077796 .014644 .027869 
.053888 .050340 .025047 .039849 
.040106 .025267 .029718 -037416 
.027138 .008758 .029627 .028848 
.009132 .003929 .022317 .012371 


-045733 -047977 .001781 .002786 
045460 047365 003545 005516 
.043607 .043327 .008564 .01 2863 
.037714 .031788 .015223 .020374 
.029891 .019227 .019008 .021565 
.021888 .009272 .020031 .018689 
.009314 .000755 .016847 .010026 


2.0 I 
2.0 2 
2.0 5 
2.0 ° 
2.0 5 
2.0 ° 
2.0 ° 


.022792 .017469 .000715 .000779 
.022705 .017340 .001425 
.022102 .016461 .003487 .003726 
.O20101 .013689 .000464 .000505 
.017220 . 010089 .008582 .007868 
.013950 .006553 .009730 .007914 
.007842 .001538 .009603 .005798 


0000000 


.007891 .003983 . 000179 . 000124 
.007875 .003968 .000357 .000247 
.007765 .003870 .000882 .000607 
.007387 .003537 .001694 .001136 
.006803 .003046 .002380 .001530 
.006074 .002470 .002901 .001763 
.004440 .001339 .003416 .001784 


HWW WwW W 


0000000 


* The functions T9(A, B) and 7;(A, ) are defined by equations (14) and (15) respectively. 


Using the above results, the mutual impedance Z between loops, with sepa- 
ration p above the half-space can be readily obtained. The two important cases 
which are plotted in Figures 2 and 3 are denoted as VII and VIII (so as to 
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Fic. 3. The mutual impedance ratio for perpendicular loops both above the ground. 


maintain continuity with the earlier part of the discussion) and are itemized as 
follows: 
VII. Co-planar loops with axes vertical, both at height above the ground: 


Z/Zy = 1 + B*T)(A’, B) (16) 


with Z)>=k and A’= 2h/6=~V/ 20uwh. 
VIII. The first loop, at height 4, has its axis vertical and the second loop has its 
axis parallel to the ground along a radius from the first loop: 


Z/Zo = B*T,(A’, B) (17) 


with Z)>=kand A’=2h/6. 
The limiting case of VII and VIII when A =o corresponds to I and IV from 
above. It is immediately apparent that there is a gradual transition in the value 
of Z as the loops rise from the surface of the ground. 
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ATMOSPHERIC ELECTRICITY AND GEOPHYSICAL OPERATIONS* 
GLENN W. FORDHAM{ 


ABSTRACT 


The safety hazards of lightning to seismic crews using explosives are well known. Lightning is a 
result of high potential gradients in the atmosphere. These high gradients, which accompany stormy 
weather, can be detected by measuring the corona-discharge current from a sharp metal point called 
a point collector. Oscillograms of point-collector currents taken during thunderstorms may be a 
definite aid to field personnel in determining when lightning is imminent. Many more data are needed. 
It is hoped that others in the industry will take similar measurements and pool the data thus ob- 
tained. 


INTRODUCTION 


Lightning has proved destructive so often in geophysical operations that the 
investigation of a possible warning system seems worth while. Direct or near 
strikes of lightning have caused premature detonation of explosives. Fortunately, 
not all such accidents have resulted in loss of life. 

Hazardous conditions which lead to accidents involving atmospheric elec- 
tricity are not so easily controlled as those causing other types of electrical acci- 
dents. For example, the shooter who loads a hole too close to a high line and gets 
himself electrocuted because the firing line is thrown across the high line is dis- 
obeying clear-cut safety rules. In the case of a thunderstorm, however, no one 
knows when and where lightning will strike next. 

Much seismic exploration work in the United States is carried on in areas 
where the number of thunderstorms is above the average isoceraunic level of 30, 
as can be seen in Figure 1. This isoceraunic chart, after Alexander (1935), shows 
the average number of days per year on which thunder was heard, based upon 
U. S. Weather Bureau data covering a period of 30 years. An isoceraunic is a 
line on a map that connects places of equal thunderstorm frequency. Such a 
map fails to show the severity of the storm or the number of lightning strokes 
to ground. Harder and Clayton (1953) show that there is an average of ten strokes 
per square mile per year in open country having an isoceraunic level of 30. 

One’s first tendency is to say that a crew should stop work whenever thunder 
is heard in the distance. This becomes impractical if we look at the problem more 
closely. Operating costs of approximately $1,000 per day for a seismic crew are 
high enough to discourage a party chief from stopping work by a field crew except 
when there is clear-cut danger. This is not to suggest that safety should be com- 
promised; but to pretend that economics plays no part in such a decision is to 
ignore the realities of the situation. The problem, then, is to detemine, if possible, 
when a thunderstorm is so close that lightning could strike in the immediate 
vicinity of the men and equipment. 


* Presented at the Midwestern Regional Meeting of the Society in Dallas on November 18, 
1954. Manuscript received by the Editor January 31, 1955. 
t The Atlantic Refining Company, Dallas, Texas. 
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The difference between apparent danger and real danger of a lightning stroke 
is not always evident. One of our seismic crews in northern New Mexico was 
struck by lightning under conditions that seemed quite safe to them. Both the 
shooter and observer were experienced, safety-minded personnel. A 50-lb charge, 
buried at 190 ft, was detonated prematurely. Fortunately, no one was hurt. The 
crew’s only prior clue of possible danger was some distant thunder. In another 
case, some black, ominous-looking clouds came low over our laboratory in Dallas. 


| SASKATCHE Wan 


SCALE- 
QO 100 200 300 400 500 MILES 


Fic. 1. Map showing average number of days per year on which thunderstorms occur. 


Our chief observer, who was in town at the time, remarked that a field crew 
would have ceased operations under such conditions. A quick measurement, 
using the system to be described in this paper, showed no corona current to be 
flowing. In this case the crew could have continued work safely. 

This paper is concerned with the possibility of devising simple instrumentation 
that will aid field personnel in deciding whether the threat of lightning is serious 
enough that work should be discontinued. 


ATMOSPHERIC ELECTRICITY THEORY 


For considering this problem, a brief background in atmospheric electricity 
is desirable. On a world-wide scale, the earth can be treated as the inner plate 
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of a huge spherical condenser, while the highly-conducting layer of the ionosphere 
is the outer plate of this condenser, as shown in Figure 2. In between is the 
atmosphere, which acts as a dielectric. Leakage currents occur between the two 
plates of the condenser during fair weather because the air is not a perfect di- 
electric. In spite of leakage currents, estimated by Gish (1939) to be about 1,800 
amp, the earth always has a reasonably constant negative charge with respect to 
the ionosphere. Obviously, this giant condenser must be recharged intermittently 
or even continuously. C. T. R. Wilson (1921) proposed that the generator which 
recharges this condenser is the thunderstorm. The electric potential gradient 
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Fic. 2. Simplified concept of world-wide condenser. Earth (—) is inner plate. Ionosphere (+) is 
outer plate. Atmosphere is poor dielectric. Condenser remains charged to relatively constant potential 
in spite of tremendous fair-weather leakage currents through the atmosphere. 
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in the atmosphere resulting from this charged condenser is not linear. Wagner 
and McCann (1941) state that the value in fair weather is about 100 volts per 
meter at the earth’s surface, gradually decreasing with height. 

Local storms increase this fair-weather gradient. Simpson and Scrase (1937) 
found that the potential gradient between a thunderstorm cloud and ground 
is more or less independent of height, having values from 5,000 to 10,000 volts 
per meter. Chapman (1953) suggested, as a result of simultaneous data obtained 
at two locations 1.7 miles apart, that the electric fields in storms involve dimen- 
sions of miles. It is obvious that lightning will not strike until the potential 
gradient is high enough to cause a breakdown of the atmosphere. This condition 
apparently occurs with an increase of potential gradient from 50 to more than 
100 times that of its fair-weather value. Measurements of relative potential 
gradients, then, will provide some degree of warning of possible lightning strokes. 


POINT COLLECTORS 


A simple device, often used by meteorologists for such measurements, is the 
point collector. As shown in Figure 3, the point collector consists of a sharp metal 
point which is insulated from ground. The point is supported in the air and is 
connected by a shielded wire to the positive ‘erminal of a sensitive microammeter 
or recording meter. The negative termina] of the meter is grounded. The current 
which is measured is a corona-discharge current from the pointed tip of the col- 
lector. This corona current is dependent upon the potential gradient in the vicin- 
ity of the point. Thus, the current readings will indicate relative potential gradi- 
ents at the height of the point collector. It is important that the point collector 
be located away from, or above, other physical structures. A nearby tree, for 
example, will provide alternate paths to ground for leakage currents, thus re- 
ducing the amplitude of the current obtained with the point collector. 

The geometry of the point greatly influences its calibration. Four different 
types of points were tested for corona current versus applied voltage using the 
test setup of Figure 4. The one-centimeter spacing from the tip of the point to 
the flat plate was held to a tolerance of +0.002 inch by means of a micrometer 
movement in order to minimize the effects of this variable. The voltmeter had 
a maximum range of 5,000 volts. Voltages above this value were measured from 
the center tap of the voltage divider and then multiplied by two. Ten points of 
each type were tested. The Sharps no. 10 sewing needle had the sharpest point, 
followed by the Darners no. 1, the brass point, and the Mellotone phonograph 
needle, in order of decreasing sharpness. The sewing needles and phonograph 
needles were of inexpensive brands, obtainable at any variety store. The three- 
inch-long brass points were made from 1/16 inch diameter rod and were given a 
long taper to a fine point. The consistency of corona current obtained from the 
sewing needles was surprising, never deviating more than +3 percent from the 
average. The corona current obtained from the phonograph needles was the least 
consistent, varying as much as +12 percent from the average. 
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The results are plotted in Figure 5. It can be seen that for a constant applied 
voltage, corona current increases as the point becomes sharper. For example, 
at 5,000 volts per centimeter, the Sharps no. to needle gave a current of 4.8 
microamp while the duller phonograph needle gave only 2.2 microamp, less than 
half this value. The sharpest point had corona current as small as 0.1 microamp. 
The dullest point did not have reliable corona current below 1.0 microamp. 
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Fic. 3. Typical point collector consisting of sharp, well-insulated point, elevated in air. 
Point connects via center conductor of coaxial cable to microammeter. 


One of the brass 


LABORATORY MEASURING EQUIPMENT 


points, which had been tested, was installed as a point collec- 


tor at a height of 32 feet at our Geophysical Laboratory in Dallas. The brass 
point was chosen over the sewing needles because it would not rust and was nearly 
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Fic. 4. Test setup for measuring corona current. Tip of point is one centimeter from flat plate 
and DC voltage is varied. Electrostatic voltmeter has negligible leakage current. 


as sensitive as the sewing needles. Permanent records of corona currents obtained 
with the brass point were made on a Brown strip-chart recorder having a sen- 
sitivity of +5 microamp and a chart speed of two inches per hour. The recorder 
was in continuous operation seven days a week over a period of four months. 
Records have been obtained under conditions of dust, rain, snow, and thunder 
storms. 
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Fic. 5. Corona current versus voltage. Note that sharpest needle (no. 10) has highest current. 
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ANALYSIS OF LABORATORY RECORDS 


Figure 6 shows a point-collector record during a rainy period of two hours. 
No lightning was evident during the first hour from 5 P.M. to 6 P.M., but a weak 
thunderstorm occurred during the second hour from 6 P.M. to 7 P.M. Figure 7 
shows a stronger thunderstorm in which both positive and negative excursions 
of 5 microamp were reached. The thunderstorm of Figure 8 was recorded when 
low black clouds were overhead. Under such conditions as this, a field crew would 
have stopped operations. During thunderstorms there is both positive and nega- 
tive activity, usually with the majority of activity on the negative side. 

Dust storms are accompanied by high negative fields, so that all activity 
during dust storms is on the negative side of zero. The record of Figure 9 shows 
a dust storm in three sections, each of increasing amplitude. The point-collector 
currents of Figure 10 were obtained during a four-hour dust storm, reaching 
peaks of —3.5 microamp. Figure 11 represents a bad dust storm with visibility 
300 feet at its height. The apparent break in the amplitude of corona current at 


Fic. 6. Oscillogram of point-collector currents obtained during rain followed by a small thunderstorm. 
Point collector was 32 ft high at Atlantic Geophysical Laboratory in Dallas. 
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5:50 P.M. was caused by decreasing the sensitivity of the recorder by a factor of 
three. A peak current of —14.7 microamp can be seen at this time. 

A reading of this magnitude during a thunderstorm would represent a danger- 
ous condition because lightning could be striking in the immediate vicinity. 
In a dust storm, though, it appears that the prime danger of such a high negative 
field would be that of charging an insulated body, such as an ungrounded shoot- 
ing truck, or a human being, to a potential high enough to cause a spark dis- 
charge to ground. A blasting cap, even with the leg wires shorted, can be det- 
onated if a spark discharge occurs from the bridge wire to ground. 

Figure 12 is the only record of those obtained which involved snow. The 
faster chart speed of 8 inches per hour gives better detail. It is of interest that 
these currents, in excess of +5 microamp, are greater than some obtained during 
thunderstorms. It would appear that any danger from a snow storm would again 
be that from a charged body. The chances of a spark discharge would be much less, 
however, because the polarity of the electric field changes back and forth from 
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Fic. 7. Point-collector currents recorded at Dallas during thunderstorms lasting 2} hours. 
Thunderstorms have both positive and negative currents. 
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THUNDERSTORM 


Fic. 8. Point-collector currents recorded at Dallas during very active thunderstorm. The strong 
activity at 7 A.M. and again at 9 A.M. occurred in the immediate vicinity of the point collector. 


positive to negative rather than being sustained in one direction for a long period 
of time, as in the case of the dust storm. In addition, the presence of melting 
snow would aid in grounding the truck body. 


PORTABLE MEASURING EQUIPMENT 


Physical conditions in field work differ from those of the laboratory. The 
chances of lightning striking are better because of the nature of the assorted 
machinery and equipment that goes with a seismic field crew. The extended drill 
mast, for example, stands a fair chance of being struck. The seismometer cable, 
when laid out on the ground, often acts asa fine receiving antenna for high electric 
fields. Psychologically, the observer’s decision to stop work is tempered by various 
practical factors. He has the responsibility for the safety of a group of men. On 
the other hand, he works for a party chief who may question his decision to come 
in, or he may know that the district supervisor is in town on that particular day. 
All of these factors influence his thinking. 
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The laboratory tests made so far have proved useful in showing the amplitude 
range, the polarity, and to some extent the character of point-collector currents 
during stormy-weather conditions. Recordings taken by an actual production 
crew in the field, prior to and during stormy-weather conditions, would show the 
growth of point-collector currents up to the time that it is felt conditions are too 
dangerous to continue work. There is always the chance that the observer will 
misjudge and stay out too long. A record taken under such conditions would be 
invaluable. The field record of corona-current variation with time should be 
marked at intervals to show the observed weather conditions. 

One type of warning device which was built to be used in conjunction with a 
point collector on a seismic crew was a sensitive meter-relay circuit using no 
vacuum tubes. This device has no recording provisions but would be useful 
because of its simplicity if the assumption were made that amplitude alone is a 
safe basis for judging hazardous conditions. The heart of the device is a +10 
microamp meter-relay.! This meter-relay has adjustable upper- and lower-limit 


1 Manufactured by Assembly Products, Inc., Chesterland, Ohio. 


Fic. 9. Point-collector currents recorded at Dallas during weak dust storm. a 2 
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Fic. 10. Record made at Dallas during stronger dust storm than that shown in Figure 9. Dust storms 
are accompanied by high negative fields. No dust storm records have shown any positive currents. 


contacts which close a circuit whenever the absolute value of the point collector 
current exceeds a predetermined limit. The instrument, operating unattended, 
would ring a warning bell when the point-collector current reaches a dangerous 
value. A schematic diagram is shown in Figure 13. The 15-ohm resistor and 2,000- 
mfd condenser associated with the Sigma relay are part of a time-constant circuit 
which serves to ring the bell intermittently, as well as to unlock the limit relay. 
If this facility were not included, the limit relay would remain locked after the 
signal drops below its limiting value. Test signals of +5 microamp are available 
to reassure the operator that the equipment is in operating condition. The meter- 
relay utilizes atmospheric electricity to drive the signal coil. As a result, the self- 
contained batteries are used only during the short period of time that the bell 
is ringing or at times when a test signal is desired. Battery life approaching shelf 
life could be expected. Corona current would still be indicated in spite of dead 
batteries. 

A more elaborate warning device involving a portable recording system was 
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Fic. 11. Record made at Dallas during bad dust storm during which peak currents of 14.7 micro- 
amp were reached. Sensitivity of recorder was decreased at 5:50 P.M. to get pen back on the paper. 
After that time, multiply observed values by three. 


installed on one of our seismic recording trucks operating in northern New 
Mexico. The recorder itself was an Esterline-Angus type AW, with a spring- 
driven chart speed of 10 inches per hour. This faster chart speed would give 
greater detail. A DC amplifier, with self-contained batteries for B+, was used 
to increase the sensitivity of this recorder from its basic full-scale value of + 500 
microamp to +5 microamp. The point collector was mounted on a 6-ft mast on 
the roof of the cab. The mast was pivoted on a split ball so that it could be laid 
down in transit. With the mast in a vertical position, the point-collector tip was 
12 ft above the ground. 


ANALYSIS OF FIELD RECORDS 


Figures 14, 15, and 16 are records taken with this Esterline-Angus recorder by 
a field crew in Lea County, New Mexico. They have been retouched for greater 
legibility. In the 45-minute recording of Figure 14, it can be seen that corona 
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Fic. 12. This record, obtained at Dallas during falling snow, shows both positive and negative 
excursions. The chart speed is four times as fast as previous records, making it difficult to compare the 


character with that of a thunderstorm. 
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Fic. 13. Schematic diagram of simple warning system. Atmospheric electricity energizes signa! 
coil of relay. When point-collector current exceeds predetermined limit, bell rings, warning of high 


potential gradients in the atmosphere. 
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Fic. 14. Oscillogram obtained from point collector mounted 12 ft above ground on a recording 
truck in northern New Mexico. The negative currents occurred during light rain. Later on, currents 
shifted to positive side for about same length of time. 
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Fic. 15. Both positive and negative activity occurred during this short 
thunderstorm in northern New Mexico. 
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currents up to —4 microamp were obtained with no thunder and lightning. This 
record shows that an instantaneous amplitude reading, by itself, does not always 
indicate dangerous conditions. A continuous recording, which shows both the 
amplitude and character, is preferred. Figure 15 shows the record during a 20- 
minute thunderstorm followed by a 20-minute shower. During the thunderstorm 
portion, the current swings through moderate amplitude values and even changes 


THUNDER, 
STORM 
I8-54 


Fic. 16. Portion of bad thunderstorm in northern New Mexico. Shooter had been instructed to 
unload his powder before the peaks in excess of 10 microamp were reached. Recording observer re- 
mained in field to get this record of conditions he considered to be hazardous. 


polarity, while during the rainy period following, the current fluctuates very 
little and stays negative. Notice the similarity between the rainy period of 
Figure 15 and that of Figure 14. Figure 16 shows the peak of activity during a 
bad thunderstorm. At two times, the current exceeded —10 microamp. The 
observer, who had already sent the shooter to unload his powder, stayed with 
the recording truck in order to get this record of what he considered hazardous 
conditions. 


CONCLUSIONS 


Continuous recordings of corona currents taken at the laboratory and in the 
field during stormy-weather conditions show that the point collector provides a 
simple means of measuring relative potential gradients in the atmosphere. 
These measurements could well be a definite aid to a seismic field crew in de- 
termining dangerous atmospheric conditions. Much more field data are needed 
of the amplitude and rate of change of point-collector currents under observed 
stormy-weather conditions before an effort is made to suggest safe limits. In 
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the interests of safety, it is hoped that others in the industry will take measure- 
ments of this type and pool the data thus obtained. 
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NON-TECHNICAL PAPERS 


GEOPHYSICAL ACTIVITY IN 1954* 


SIGMUND HAMMER{ 


THE OIL INDUSTRY 


Geophysical activity in explorations for petroleum on a global scale in 1954 
was 6.3% lower than the record high of 1953. Notable increases in geophysical 
effort in Europe, the Middle East, and the Far East were not sufficient to over- 
come the very substantial decreases in the United States and Canada. The reduc- 
tion occurred mainly in seismic operations, which decreased globally by 8.4%. 
Gravity activity was on the increase almost everywhere with the world-wide 
rise of 7.1%. Magnetic and miscellaneous other geophysical methods also showed 
moderate increases in the neighborhood of one percent. 

The world-wide exploratory effort in 1954 utilized the average full time serv- 
ices of 1,036 geophysical crews of all types. This is a reduction of 69 crews 
compared to the 1,105 crew total which operated in 1953. 

The global distribution of geophysical activities during 1954, by area and by 
method, and comparisons with the statistics for 1953 are given in Table I. 
Reducing the crew-months statistics in Table I to crew-years we find the global 
effort during 1954 utilized the average full-time operations of different kinds of 
geophysical crews as follows: seismic 862, gravity 138, magnetic 20, and others 
16. The changes in numbers of crews compared to 1953 on a world-wide basis 
were: seismic, down 78, gravity, up 9, magnetic, up 1, and other methods up 
+ crew. These are world statistics. 

In the United States and Canada the average full-time number of seismic 
crews totaled 700, down 82 crews. Gravity crews totaled 92, up 5; and magnetic 
crews averaged 10, up 4. With respect to the latter, it is unfortunate that the 
statistics do not always differentiate between ground-magnetic and aeromagnetic 
crews which represent a tremendous difference in effort. The changes in average 
numbers of crews in the United States and Canada followed remarkably parallel 
trends, with seismic work down 10.5% (—67 crews) and 10.4% (—15 crews) 
respectively, and with gravity work up 5.1% (+4 crews) and 9.1% (+1 crew), 
respectively in the two countries. 

The month-by-month fluctuation of seismograph and gravity operations in 


* Report of the Committee on Geophysical Activity of the Society of Exploration Geophysicists. 
The members of the committee are: Kenneth L. Cook, Herbert Hoover, Jr., C. C. Lister, Walter S. 
Olson, Kumiji Iida, A. Garcia Rojas, and Sigmund Hammer, Chairman. Presented at the New York 
Meeting of the Society on March 28, 1955. Manuscript received by the Editor April 13, 1955. 

} Gulf Research & Development Company, Pittsburgh, Pa. 
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the United States during the last decade is shown in Figure 1. The sharp decline 
in seismic work which began in October, 1952 continued through 1954. Seismic 
work in the United States declined at a fairly uniform rate throughout 1954 with 
an average lay-off rate for the year of six seismic crews per month. The year 
ended with 542 seismic crews in operation in the United States. This is down to 
the level of seismic activity three and a half years ago in the middle of 1951. 
Gravity operations in the United States continued at a relatively uniform rate 
during 1954. Data are lacking to show complete month-by-month fluctuations, 
but there is some evidence of a slight gradual increase. The total number of 
997 crew-months reported for the year represents an average level of employ- 
ment of 83 gravity crews. The number of gravimeter crews in operation in the 
United States at the end of 1954 was probably in the neighborhood of 84. 
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Fic. 1. Monthly variations in seismograph and gravimeter crews operating in the U.S.A. 
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The month-by-month variations of seismic and gravity field crews in Canada 
are shown in Figure 2. The record for Canada now extends back eight years to 
the beginning of 1947. The last two years show violent fluctuations in the utiliza- 
tion of seismic explorations in Canada. These fluctuations abruptly terminate a 
long and steady rise in the number of seismic crews which began in late 1947 
and continued until October, 1952, when a high of 166 crews was recorded. Since 
that time the trend of seismic operations in Canada has been downwards. How- 
ever, in March, 1954 the number of seismic crews. rose to a short-lived all-time 
peak of 168 crews. This was followed by a precipitous drop of 61 crews in the 
following three months to a three-year low of 107 crews in May to August. A 
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Fic. 2. Monthly variations in seismograph and gravimeter crews operating in Canada. 
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recovery of 18 crews was recorded in succeeding months, and the year ended with 
125 seismic crews in operation in Canada. However, the net decline of seismic 
work during the year represents an average lay-off rate of almost 2 crews per 
month. The violent fluctuation in number of seismic crews in Canada during 1954 
with its attendant technical personnel and equipment problems can hardly 
be conducive to maintaining, not to say raising, the high-quality standards of 
the work which are so important for effectively solving the very difficult problems 
encountered in western Canada. Gravity work in Canada continued at a quite 
uniform rate, slightly higher in the latter half of the year. Eight gravity parties 
were in operation in Canada at the end of the year. 

The geographic distribution of seismic operations during 1954 in the United 
States is shown in Figure 3. In this chart, and also in that of Figure 4, changes in 
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Fic. 3. Distribution of 1954 seismograph prospecting in U.S.A. 
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relative concentrations of effort in various areas compared to 1953 are indicated 
by (+) or (—) signs showing increase or decrease. Texas and Louisiana, as for 
several years past, continue in the lead. These two states together accounted for 
slightly more than half of all seismic activity in the United States during 1954. 
This is a slight increase over 1953 when the seismic total for these two states 
was slightly below the half-way mark for the nation. The concentration of work 
in the Rocky Mountain area continued in 1954 although at a rate slightly lower 
than in 1953. In Wyoming the number of seismic crew-months working during 
1954 was 8 less than during the preceding year as shown in Table II. However, 
due to greater reduction in the United States as a whole, Wyoming’s percentage 
participation in 1954, as indicated in Figure 3, was actually higher than in 1953. 


COASTAL 
LOUISIANA 
18.4 

(+) 


NEW MEXICO 
NTAIN 3.9%, (-) 


COASTAL 
TEXAS 


Fic. 4. Distribution of 1954 gravimeter prospecting in U.S.A. 
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A major decline of seismic activity was recorded in Montana. Coastal Louisiana 
showed a marked increase. This reflects the influence of growing activity in the 
Gulf of Mexico. Substantial decreases in seismic work occurred in New Mexico 
and in California. A notable increase was registered in Mississippi. Other changes 
and shifts in seismic operations in the United States are listed in Table IT. 

The areal distribution of gravimeter work in the United States during 1954 
is shown in Figure 4. Considerably more than half of the total gravimeter work in 
nation was concentrated in Texas and Louisiana. Last year’s percentages of 
gravimeter operations in these two states totalled 62.5%, which is 3.4% higher 


TABLE II 
SEISMOGRAPH CREW-MONTHS IN 


State 1953 1954 


Texas 2,459 2,107 
Louisiana 1,268 1,303 
Wyoming 543 535 
New Mexico 600 465 
Montana 737 456 
Oklahoma 404 441 
North Dakota 345 284 
Mississippi IQI 233 
Colorado 216 228 
California 229 180 
Kansas 136 
Others 674 495 


Total 7,666 6,863 


* State not listed separately in 1953 report. 


than in 1953. The Rocky Mountain area continued at a relatively high level al- 
though the 1954 total (22.9%) was 30% lower than in 1953. Substantial increases 
in gravity activity in Wyoming and Nevada failed to overcome the much larger 
decrease in Montana. Additional statistics on the areal distribution and shifts of 
gravity operations in the United States are given in Table III. 

The world distribution of seismic explorations for petroleum is shown in 
Figure 5. Although North America continues to dominate the chart, the year 
recorded significant increases in South America and the Eastern Hemisphere. 
The trend towards foreign explorations reduced the North American seismic 
participation from 83.1% to 81.3% of the total world seismic effort. Aside from 
this general trend, there were no spectacular changes in the levels of seismic ac- 
tivity in the various areas of the world. 

The world distribution of gravimeter operations during 1954 is shown in 
Figure 6. The United States accounted for 60.1% of the total world gravity 
effort. The United States and Canada together recorded exactly two-thirds 
(66.6%) of world-wide gravity exploration for petroleum during the year. This 
is a slight decrease from the percentage total (67.7%) in 1953. The apparent con- 
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tradiction with the actual increase in gravity crew-months in the United States 
and Canada shown in Table I above, is due to the greater relative gain in other 
areas of the world. 

It is of interest to compare the relative distribution of seismic and gravity 
activities. In the United States and Canada the relative percentages of seismic 
and gravity work are of comparable magnitudes. In other areas, notably South 


TABLE III 
GRAVITY CREW-MONTHs IN U.S. 


State 1953 1954 % Change 


Texas 387 439 +13.4 
Louisiana 174 183 + 5.2 
Nevada 80 

Wyoming 30 57 +90.0 
California 48 — 30.4 
Mississippi 39 — 23.5 
New Mexico 39 
Montana 28 
Michigan 21 
Colorado 15 
Others 48 


Total 907 


* State not listed separately in 1953 report. 


America and the Eastern Hemisphere, the percentages of gravity explorations 
are about double the percentages of seismic explorations. This indicates a very 
proper emphasis on gravity work, preceding seismic work, in the earlier stage 
of exploration in relatively unexplored areas. A similar higher proportion of 
gravity to seismic activity in the United States is shown by the relatively high 
level of the gravimeter curve in Figure 1 about ten years ago. This does not im- 
ply that gravity work in the United States is approaching saturation. Rather 
the indication is that more gravity work is required in unexplored areas for re- 
connaissance to furnish prospects that will increase the effectiveness of the more 
expensive and more detailed seismograph work to follow. 

Reported magnetic activity in petroleum exploration as summarized in 
Table I above shows a slight rise during 1954. The reported data, unfortunately, 
seldom differentiate between ground magnetometer, aeromagnetic, and other 
types of operations. Accepting the data at face value we infer a very substantial 
increase of 52 crew-months of magnetic exploration in the United States during 
1954. This represents the average full-time employment for the year of 9 magnetic 
crews. This is almost double (up 91%) the amount of magnetic work reported in 
the United States during 1953. In the rest of the world magnetic explorations for 
petroleum decreased by an amount almost, but not quite, as large as the increase 
in the United States. Reported world-wide magnetic crew-months totalled 
238, which is 53% greater than the total for 1953. This represents a global aver- 
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age full-time employment of 20 magnetic crews. It may be reasonable to estimate 
that aeromagnetic surveying continued at about the same level as in 1953; 
namely, about 30 crew-months. Most of the aeromagnetic work was in the 
United States, but extensive surveys were reported in South Amrica and the 
Far East. Canada reported 9 aeromagnetic crew-months in petroleum explora- 
tion during 1954. Furthermore, it is known that large areas have been covered in 
earlier airborne surveys, and it is probable that interpretations of many of these 
data are still continuing. A similar remark probably applies also to vast aero- 
magnetic survey data elsewhere. Interpretational activities of this kind, which 
are a natural consequence of the high speed of aeromagnetic exploration, are 
not reflected in the statistics in this paper. The backlog of magnetic interpreta- 
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tion is therefore not known, but it is reasonable to assume that it will continue to 
yield important geophysical information for many years to come. 

Review interpretations of records and data from earlier surveys of all types 
are growing in importance. The magnitude of this effort is not known. However, 
it represents a fertile field for growth and improvement as files and experience 
accumulate (Morrissey, 1955). 

Offshore explorations by the seismic, gravity, and magnetic methods were 
continued at high levels during 1954. Complete breakdown of the marine statis- 
tics is not available. However, it is known that work was done offshore from 
Texas, Louisiana, and Florida in the Gulf of Mexico, offshore from California, 
and in the Persian Gulf. The data in these areas, especially the Gulf of Mexico, 
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are now furnishing indispensable guidance in the purchase and development of 
very high-priced leases. It is pertinent to repeat the statement made a year ago in 
this report that geophysics provides the only practicable methods of evaluating 
marine prospects ahead of lease-buyer, drilling platform, and drill. The invest- 
ments in offshore geophysical surveys, large as they are, shrink exceedingly when 
compared with the almost incomprehensible prices which are now being paid for 
acreage blocks on good prospects everywhere and especially in the Gulf of Mexico. 

Cost data on geophysical explorations for petroleum are incomplete for 1954. 
It is probable that unit costs were not significantly different in 1954 than in 1953. 
On that basis, the world-wide investments in geophysical explorations during 
1954 were somewhat less than in 1953. The total geophysical investment world- 
wide was probably between $300,000,000 and $350,000,000. In the United States 
the geophysical investment was probably about $200,000,000. 

It is interesting to consider the relation of geophysical costs to the discovery 
of oil reserves. Published data suggest that about 20 billion barrels of oil were 
found in world-wide explorations during 1954. In the United States the corre- 
sponding figure was 4 billion barrels. These estimates include revisions and ex- 
tensions of reserves in previously known fields which were developed during the 
year. These revisions, which contribute the major portions of the added reserves, 
should properly be credited back to the year of discovery of the individual field. 
However, it is reasonable to expect that the reserves of new fields discovered dur- 
ing 1954 will be similarly increased in years to come, and this expectation pro- 
vides justification for using the total figures given above. If we allocate the 
geophysical expenditures during 1954 to the oil discovered during the year we 
can compute the geophysical investment per barrel of oil discovered. Such a 
calculation is, of course, highly oversimplified; and therefore the significance of 
the computed number is open to question. However, arbitrarily performing the 
indicated calculations yields the following interesting figures: World-wide the geo- 
physical expenditure during 1954 amounted to $0.o15 per estimated barrel of 
oil discovered. In the United States, the total geophysical expenditure during 
1954 was $o0.050 per estimated barrel of oil discovered. 

The recent trend of decreasing utilization of geophysics in petroleum explora- 
tion is difficult to comprehend in the light of steeply rising costs of leases and 
drilling. Both of these phases of exploration are strongly dependent upon geo- 
physics for maximum effectiveness. Nevertheless, the combined costs of geological 
and geophysical activities continue to represent only a small fraction of total 
exploration costs. Figure 7 shows the breakdown of data (Struth, 1955) on ex- 
ploration costs in the search for petroleum in the United States during 1954. 
The proportion allocated to geology and geophysics was 10.5%, which is a frac- 
tional point higher than the corresponding figure of 10.3% for 1952 but appre- 
ciably lower than the 11.2% in 1953. All these figures are distressingly small from 
the point of view of the professional geophysicist as a member of the exploration 
team. It is probable that the recent spectacular rise in lease costs coupled with the 


: 


GEOPHYSICAL ACTIVITY IN 1954 665 


decreased employment of geophysics last year accounts for the smaller allocation 
to geology and geophysics during 1954. It would seem that the petroleum geo- 
physicists, in spite of several recent excellent attempts, have not succeeded in 
selling their high-quality merchandize to top exploration management. 


THE MINING INDUSTRY 


Geophysical explorations in the mining industry rose to record highs in 1954. 
Increases were recorded in most of the active areas of the earth and in all but 
one of the geophysical methods. Canada continued in the lead with highest ex- 
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penditures for geophysical explorations in 1954, but the United States was first 
in number of professional geophysicists employed. The global investment in 
geophysical explorations for solid minerals during the year exceeded $6,000,000, 
which is over $1,000,000 (15.8%) higher than the total for the previous year. 
The employment in professional man-months in mining geophysics during 1954 
was 6,875, which is 30.0% higher than the number reported in 1953. 

Figures 8 and 9 give the data in detail. Two measures of geophysical activity 
are shown: (a) professional man-months utilized and (b) expenditures converted 
into U. S. dollars. 
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The division of effort in the various geophysical methods during 1954 is given 
in Figure 8. The aeromagnetic method attracted by far the largest investment, 
more than twice the investment in any other method. However, due to the high 
speed of the method, the number of professional man-months utilized in the 
aeromagnetic method was much smaller in proportion. Together, the aero- 
magnetic and ground magnetic activities accounted for 42%—nearly half—of the 
total investment in all methods of geophysical exploration for ores during 1954. 
Arranged in order of decreasing expenditures the various geophysical methods 
ranked during 1954 as follows: (1) Aeromagnetic, (2) Electromagnetic, (3) 
Ground magnetic, (4) Seismic, (5) Self-potential, (6) Gravity, (7) Radioactivity, 
(8) Geochemical,! (9) Resistivity and allied. The order of decreasing utilization 
by professional man-months was somewhat different, as follows: (1) Electro- 
magnetic, (2) Ground magnetic, (3) Aeromagnetic, (4) Geochemical, (5) Re- 


1 Data received since preparation of this report adds 350 man-months and $150,000 in govern- 
ment sponsored geochemical explorations in the United States during 1954. This represents a very 
substantial increase for the geochemical method and also an appreciable increase of total activity in 
the U.S.A. With these additional data the geochemical method moves into third place in terms of 
professional man-months employed and into fourth place in terms of dollar expenditure among the 
various methods during 1954. 
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sistivity, (6) Self-potential, (7) Gravity, (8) Radioactivity, (9) Seismic. 

Major increases in the applications of mining geophysics were recorded in 
1954. The greatest increase was in the aeromagnetic method as stated above. 
Large increases were recorded also by the seismic, self-potential, radioactivity, 
electro-magnetic, and gravity methods. A major decrease occurred in the use of 
resistivity and allied methods. Minor increases were indicated for the other 
methods. Expressed percentage-wise the changes in level of activity in 1954 
compared to 1953 were as follows: (a) In terms of expenditures: Seismic, +77%, 
Self-potential, + 49%, Radioactivity, +47%, Gravity, +31%, Electromagnetic, 
+24%, Aeromagnetic, +23%, Geochemical, +17%, Ground magnetic, + 10%, 
Resistivity and allied methods, —66%. (b) In terms of professional man-months 
utilized the changes were: Electro-magnetic, +161%, Gravity, +58%, Radio- 
activity, +56%, Ground magnetic, +46%, Aeromagnetic, +323%, Seismic, 
+32%, Geochemical, + 24%, Self-potential, +4%, Resistivity and allied meth- 
ods, — 35%. The increase in the electro-magnetic method is probably conserva- 
tive because operations became airborne during the year. 

Research in all types of applications of geophysics to mining was increased 
substantially compared to 1953 with expenditures up 6.2% and professional man- 
months utilized up 12.5%. However, the ratio of research to commercial explora- 
tion was slightly lower. The percentages for research during 1954 were: (a) in 
terms of professional man-months, 24.2%; (b) in terms of dollar investment, 
12.7%. Comparative figures for 1953 were 28.1% and 13.8%, respectively. De- 
spite the slight drop, the level of research is still very high so that rapid techno- 
logical advancements in mining geophysics can be expected in the future. The 
decrease in the percentage of research in 1954 suggests that some of the research 
has reached the stage of development and practical application. Useful new re- 
sults may be anticipated. 

The utilization of mining geophysics in various areas of the world is shown 
in Figure 9. Canada and the United States led in activity during 1954. Major 
efforts were also reported in Europe (including the Mediterranean area) and the 
Far East. Significant activity is shown for Africa and Australia. The numerical 
rank of the various areas depends upon the data used to measure the activity. 
On the basis of expenditure the order is: (1) Canada, (2) U.S.A., (3) Europe and 
Mediterranean area, (4) Asia, (5) Africa, (6) Australia, (7) South America. On 
the basis of utilized professional man-months the order is: (1) U.S.A., (2) Asia, 
(3) Canada, (4) Europe and Mediterranean area, (5) Africa, (6) Australia, (7) 
South America. 

Substantial increases in geophysical activity during 1954 were recorded in 
Canada, U.S.A., Asia, and Africa. Canada led with nearly a million-dollar in- 
crease in expenditure coupled with a 10% increase in personnel. In percentage 
increase Asia led with expenditures up 85% together with a 20% rise in personnel. 
All areas reported increased personnel but Europe (including the Mediterranean 
area), Australia, and South America reported lower expenditures. The cuts in 
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Australia and South America were relatively small in amount but represented 
major percentage drops relative to the reported activity in 1953 of 66% and 
80%, respectively. 

Substantial amounts of work in mining geophysics are done by governmental 
agencies. The total nationalized expenditure for mining geophysics during 1954 
was slightly over $1,000,000 or 16.9% of the total. This is a significant decrease 
compared to the percentage figure of 22.9% in 1953. 


TABLE IV 
Cost ANALYSIS OF MINING GEOPHYSICS 


Expenditures per Professional Man-Hour 


Method 
1954 Order 1953 Change 


$2,932 — 7.1% 
$1,517 +33-7% 
$1,119 — 5-57 
$1,156 —17.0% 
$ 604 +44.0% 
$ 925 — 29.9% 
$1,015 —48.2% 
$1,096 —52.6% 
$ 488 
$ 376 — 5.6% 


$2,725 
$2,028 
$1,057 
$ 960 
870 
698 
526 
519 
462 
355 


Total 885 $ 993 —10.9% 
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Statistics now available on mining geophysics permit an analysis of relative 
costs of the various methods. The results of such an analysis are given in Table 
IV. Major variations are apparent in the expenditure per professional man-month 
employed in the different geophysical methods. These, of course, reflect differ- 
ences in techniques and not in usefulness. It is of interest also to note that there 
have been substantial reductions since 1953 in the expenditure per man-month 
for all but two of the geophysical methods. For all methods lumped together the 
average expenditure per professional man-month in geophysical mining explora- 
tion during 1954 was $885. This is 11% lower than the average of $993 in 1953. 

Uranium exploration probably expanded on a vast scale during 1954. Much 
of this is being done by individuals and is not included in the present statistics. 
Interest is shown by some oil companies as a side line to petroleum exploration. 
The joint AAPG-SEG-SEPM Advisory Committee on Radioactivity Explora- 
tion reports (F. H. Lahee, Chairman, personal communication, February 24, 
1955) that 15 major and 4 minor oil companies are utilizing Atomic Energy 
Commission equipment for testing seismic shot holes for radioactivity. The 
Atomic Energy Commission, working in close cooperation with commercial and 
private seismic crews, has run radioactivity tests in 2,352 shot holes which pene- 
trated a total of 361,000 feet of rock. Interest in this type of uranium exploration 
is reported to be increasing. 
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The greatly increased utilization of mining geophysics in 1954 is an encourag- 
ing sign of healthy growth. The reported statistics are undoubtedly conservative 
because some mining companies that are known to be doing geophysical ex- 
ploration have not reported to the Committee. We can look forward with con- 
fidence to great expansions in the field of mining geophysics in the years to come. 
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AN EDUCATIONAL PROGRAM IN GEOPHYSICS* 


G. P. WOOLLARD{ 


INTRODUCTION 


The problem of organizing an adequate, balanced training program for a 
career in geophysics has been the subject of several studies and investigations, 
the most comprehensive being that conducted by the American Institute of 
Mining and Metallurgical Engineers’ special committee on Geophysical Educa- 
tion in collaboration with the American Association of Petroleum Geologists and 
the American Geophysical Union.! The results of such studies have invariably 
indicated that the ideal geophysics curriculum should stress the fundamentals of 
physics, mathematics, and geology with a minimum amount of work in geophysics 
as such for coordinating the more basic sciences. The ideal undergraduate cur- 
riculum would include course coverage along the following lines: (a) basic geology 
with advanced work in stratigraphy, structural geology, mineral deposits and 
petrology, (b) basic physics with advanced work in electricity and magnetism, 
optics, light and sound, and instrumentation techniques, and (c) basic mathe- 
matics with advanced work in calculus, differential equations, potential theory, 
and vector analysis. 

There, however, are two difficulties encountered in teaching geophysics that 
were not fully evaluated by the groups studying the problem. The first is related 
to preparing a curriculum that will incorporate the requisite material and at the 
same time fit into a standard four-year undergraduate program; the second is 
having men decide on a career in geophysics early enough to obtain all the neces- 
sary prerequisites to complete such a course in four years. 

In technical schools where the emphasis is on applied science, it has been 
difficult to work out a satisfactorily balanced program because of the numerous 
applied technological courses that are required. In the liberal arts colleges, a 
balanced program is difficult to achieve because of the high percentage of course 
work required in the humanities. An additional complicating factor has been that 
geophysics is usually offered on an optional basis in either physics or geology 
with the requirements and the resultant balance in course work depending in 
large measure on which department is the sponsor. 


INSTRUCTION FOR GEOPHYSICS 


Despite the organizational difficulties outlined, there are several colleges and 
universities with an undergraduate curriculum in geophysics that approaches 

* Manuscript received by the Editor February 18, 1955. 

} The University of Wisconsin, Madison, Wis. 

1 See AIME Tech. Pub. 950, 1327, 1367, 1378, 1379, 1380, 1381, 1382 and unpublished report of 
the special committee dated Feb 13 (1940). 
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the ideal. As an example, the curriculum at the University of Wisconsin, where 


geophysics is offered in the Department of Geology, is given in Table I. 
More serious than the problem of curriculum in training men for a career in 


TABLE I 


CURRICULUM FOR B.S. DEGREE IN GEOLOGY (GEOPHYSICS OPTION) 
UNIVERSITY OF WISCONSIN 


FRESHMAN YEAR 


Course & Subject Credits 


Credits 


Course & Subject 


Geol. ga (Physical Geology) 


Geol. 6a (Mineralogy)................... 3 
Math 51 (Mathematical Analysis)....... 5 
Poli. Sci. 7 or equiv. elective............. 3 


Geol. ob (Historical Geology) 


Geol. 6b (Mineralogy)................ 3 
Math 52 (Mathematical Analysis)...... 5 
3 


SOPHOMORE YEAR 


Course & Subject Credits 


Course & Subject 


Geol. 112a (Stratigraphy) 


Physics 51 (General Physics)............ 5 
History 4a (American History)........... 3 


Geol. r2sb (Field Trip)............... 2 
Physics:52 (General Physics)........... 5 
Math. zoabi(Calcalus)); 4 
History 4b (American History)......... 3 


Speech 1 (Public Speaking) 


JuNtIoR YEAR 


Course & Subject Credits 


Course & Subject 


Geol. 159 (General Geophysics) 


Geol. 114 (Structural Geology)........... 5 
Physics toga (Elec. & Mag.)............. 2 
Math. 110 (Higher Math.)............... 3 


Geol. 11 (Geologic Mapping)........... 3 


Geol. 160 (Expl. Geophysics).......... 4 
Physics ro4b (Electronics)............. 3 
Math. 111 (Higher Math.)............. 2 


SENIOR YEAR 


Course & Subject Credits} Course & Subject 

Geol. 151 (Mineral Deposits)............ 3 Geol. 163 (Ground Water)............. 4 
Geog. 134 (Air Photo Interp.)............ 3 Met. 144 (Oceanography)............. 3 


Physics 175 (Electronic Meas.)......... 
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geophysics is the fact that so few freshmen enter college with the idea of majoring 
in geophysics. At the University of Wisconsin, and this also appears to hold for 
most other universities outside of the important oil-producing areas, most of the 
men who elect a career in geophysics do not do so until their junior year. Although 
interest may be aroused in the subject through an allusion to it in an introductory 
course in freshman geology, it is usually not until the elective course in introduc- 
tory geophysics is taken that a man definitely decides he wishes to go further into 
the subject. 

Therefore, the men entering geophysics usually have about three years’ 
previous training as majors in physics, geology, or some branch of engineering. 
If they are engineering or physics majors, they will probably have had only the 
introductory course in geology. If they are geology majors, they will have prob- 
ably only had introductory physics and no mathematics beyond trigonometry. 
Under either situation, a man will have a considerable amount of undergraduate 
work in one or more of the three basic sciences, mathematics, physics, or geology, 
to make up. As a consequence, men wishing to make a career of geophysics are 
usually recommended to complete their undergraduate training as physicists, 
engineers, or geologists and to continue their training for geophysics as graduate 
students. 

One favorable result of this situation is that the caliber of the men who end 
up taking geophysics is unusually high in that they have all obtained an under- 
graduate degree in physics, geology, or engineering and, further, have an aca- 
demic standing sufficiently high to permit them to enter Graduate School. 
However, since undergraduate work must be taken by the average graduate 
student in geophysics, the time requirement for an advanced degree is longer 
than that for other subjects. A contributing factor is that two or three different 
courses in physics, for example, may be required in order to get coverage in 
minor portions of each that are of particular value in geophysics. This same 
material usually could be given more effectively in a single course. Also, the 
current trend in interest away from classical physics toward nuclear physics in 
most universities may make it difficult to secure course coverage in certain 
branches of advanced physics of particular interest for geophysics. The end 
result is that a disproportionate amount of time is required for a man to secure 
his Master’s degree or doctorate in geophysics. Few men can achieve a Master’s 
degree in less than two years, and the average doctorate requires over four years 
of graduate work. 

To a varying extent the above problems are overcome at some institutions 
by having special courses dealing with magnetic, gravimetric, seismic, and electri- 
cal prospecting. Such courses, however, have been criticized on the basis that 
they tend to become technological or even vocational in character, since the 
emphasis frequently shifts with time to the techniques involved rather than the 
fundamental theory used in formulating the techniques. To avoid this pitfall and 
at the same time to overcome the difficulties of obtaining adequate coverage in 
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classical physics constitutes a major problem at any institution offering work in 
geophysics. In an effort to meet the problem at the University of Wisconsin, 
two special courses have been introduced, one dealing with the theory of wave 
propagation and related phenomena as encountered in seismic measurements and 
the other dealing with potential theory and its relation to gravimetric and mag- 
netic measurements. The inclusion of these two courses makes a total of four 
advanced geophysics courses that are offered, the other two being a seminar 
course for reviewing current geophysics literature and a laboratory course on the 
design, construction, and testing of geophysical equipment. 


FIELD WORK AND RESEARCH 


Since geophysics by definition is the study of the physical nature of the 
earth, both in terms of its macro-structure and the micro-structures of its outer 
mantle, the importance of field work for research and educational training cannot 
be overlooked. To avoid any misunderstanding, the term field work as used 
here does not refer to learning operational techniques, but rather to carrying 
out an investigation using various geophysical methods, the reduction of the 
data, and the physical and geologic interpretation of the results. It is field work 
of this kind that coordinates a man’s basic training in mathematics, physics, and 
geology. It supplies the challenge to his original powers of thinking and makes a 
demand upon all his total sum of knowledge. Further, making an investigation 
and carrying it through to its logical conclusion and interpretation in terms of 
geology provide an incentive for study and effort that cannot be equaled by 
abstract problems or work exercises. 

Although the technological training acquired in making a field investigation 
is of secondary importance, since the instruments and techniques of industry 
will seldom be the same as used in a university, the value of this technological 
training is considerable. Most universities cannot afford duplicate plug-in re- 
placement parts or technical personnel for maintaining field equipment, and it, 
therefore, is up to a student in the field to maintain his equipment as well as 
operate it. This frequently demands the utmost ingenuity, dexterity, and knowl- 
edge in several fields of physics. 

Similarly, whether or not the field work involves a problem approximating 
those encountered in oil exploration is not regarded as important since the real 
value lies in the challenge it gives the individual to use his academic training and 
reasoning powers. 

At the University of Wisconsin, an effort is made to make all field work as 
practical as possible in terms of securing information that will benefit science, 
industry, or the people of the state. Reports are prepared on all investigations, 
and all men are urged to carry their studies through to a point where they can 
be published. A publication is of much more value and satisfaction to a man 
than any course grade he might be given, and it is for this reason that there are 
no courses based on field work. 
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Ground water, engineering, and mining investigations, using geophysical 
methods, are carried out as part of the University program of service to the state 
and financed on a cost basis. Other investigations are made strictly for the 
scientific information they will give. While some of these studies are financed by 
University research funds, others are carried out under the auspices of the Office 
of Naval Research and the Cambridge Research Center of the Air Force. 
Although there is nothing unique about the program at the University of 
Wisconsin, it may be of interest to indicate the breadth of extracurricular re- 
search activity that is being carried out in geophysics at this University by gradu- 
ate students. 


World Gravity Studies 


Under the auspices of the Office of Naval Research and in cooperation with 
the Woods Hole Oceanographic Institution, a program has been in force since 
1948 to establish a network of gravity bases throughout the world. The objective 
of the study is to get a reference framework into which all of the world’s gravity 
data can be fitted so that certain large scale geodetic studies can be made, such 
as the establishment of a more exact shape of the earth, triangulation between 
the continents, and the determination of the undulations of the geoid. This study 
has involved the establishment of over 3,000 gravity bases in 85 countries with 
numerous secondary bases and incorporates the following aspects: 

(a) Connections between the various national gravity bases. 

(b) Connections to various oil-company gravity bases in different countries. 

(c) The establishment of basic control networks of gravity values in countries 

having no gravity surveys. 

(d) The checking of existing gravity networks in all countries that are 

politically accessible. 

This work has all been done with special Worden gravimeters having sufficient 
range to cover the entire earth without resetting. The principal bases established 
to date are shown in Figure 1. 

An auxiliary result of these studies was the discovery that gravity networks 
established with pendulums differed appreciably and frequently in a systematic 
manner because of the susceptibility of certain pendulums to changes in the 
earth’s magnetic field. This discovery raised a serious doubt as to the accuracy 
of the gravimeter calibration being used in the study outlined above as well as 
the work of others and led to a second investigation of world-wide scope, the 
establishment of an international gravity standard. 


International Gravity Standard 


In order to evaluate the above uncertainties, a series of high-precision 
pendulum gravity measurements were undertaken. This work has been carried 
out under the auspices of the Cambridge Research Center of the Air Force and 
through the cooperation of the Woods Hole Oceanographic Institution and the 
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Gulf Research and Development Co. The project has resulted in a line of pendu- 
lum bases from Paso Cortez, D. F., Mexico to Fairbanks, Alaska with observa- 
tions at roughly 150 mg intervals over the range which covers about 4,850 mg. 
Three sets of measurements have been made over this range with three different 
sets of the compound quartz pendulums of the Gulf Research and Development 
Company. The Dominion Observatory of Canada, the U. S. Coast and Geodetic 
Survey, and Lamont Observatory of Columbia University have also cooperated 


Fic. 1. World network of gravimeter bases. 


in this study and, as a result, there are in addition to the observations made with 
the Gulf pendulums, measurements made with the compound invar pendulums 
of Cambridge University, England and the single invar pedulum system of the 
U. S. Coast and Geodetic Survey. Figure 2 shows the location of these gravity 
bases. 

In addition to the above measurements, a string of pendulum gravity bases 
was set around the world this past summer using the Gulf pendulums with 
observations at Madison, Wis.; San Francisco, Calif.; Honolulu, Hawaii; Tokyo 
and Kyoto, Japan; Manila, P. I.; Delhi, India; Rome, Italy; Teddington, 
England; Ottawa, Ontario; and Washington, D. C. A series of bases was also 
established in Europe to be used as a gravity standard there with observations 
at Oslo, Norway; Copenhagen, Denmark; Bad Harzburg, Frankfurt, and 
Munich, Germany; Rome, Italy; and Tripoli, Libya.. These same sites will be 
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occupied with the Cambridge University pendulums and the Askania pendulums 
of the German Geodetic Survey. A third series of stations is contemplated in the 
Pacific area extending down through Australia, and it is planned to extend the 
American series of bases into South America and the European series to South 
Africa. 


Regional Geophysical Studies in North America 


As part of an investigation of the regional geology of the United States, a 
three-fold geophysical field program is underway whose objective is (a) to pre- 
pare a regional gravity anomaly map, (b) a regional magnetic map, and (c) a 
regional basement structure map of the United States. The last is a cooperative 


Fic. 2. North American network of precision pendulum gravity bases. 


study with Princeton University and is a continuation of work started there in 
1936 by Professor W. T. Thom, Jr. The objective of the studies is to obtain data 
that can be used for studying the crustal structure and fundamental geology of 
the country. To date, several thousands of sets of gravity and magnetic values 
have been taken at roughly 10-mile intervals along most of the major highways. 
Figure 3 shows the location of these traverses. This work, started originally under 
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the auspices of the Geological Society of America and the American Geophysical 
Union, is now being supported by the Air Force Cambridge Research Center. 
Similar traverses have been made along the principal roads of Mexico and over 
the entire length of the Alaska Highway. 

The above program is being supplemented by regional gravity data on a 5- 
to 10-mile spacing from oil-company surveys which are being made available 
by the various companies to the Special Committee for the Geophysical and 
Geological Study of the Continents of the American Geophysical Union. 

In connection with the basement surface study, seismic studies as to the depth 
of the basement rocks have been in progress for the past four years in Wisconsin 


Fic. 3. Regional gravimeter and magnetic traverses in the United States 
(10-12 mile station interval). 


and in the Atlantic Coastal Plain and adjacent offshore areas. These measure- 
ments have been mostly refraction studies since it is hoped also to map variations 
in the basement petrography on the basis of velocity values. To implement this, 
velocity measurements have been made in the areas of exposed crystalline base- 
ment rocks. This work has been supported by the Wisconsin Alumni Research 
Foundation, the Office of Naval Research, and the Georgia Geological Survey. 
The offshore work has been carried out through the cooperation of the U. S. 
Coast Guard. Although the program is based principally upon refraction meas- 
urements, reflection studies were necessary in south Georgia because of the 
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thickness of section and because of velocity reversals. Figure 4 shows the loca- 
tions at which measurements have been made to date in the Coastal Plain area. 
Most of the land refraction measurements were made with Century portable 
refraction equipment, and the sea refraction measurements were made using 
equipment loaned by the Humble Oil and Refining Company. The reflection 
measurements were carried out with equipment loaned by Geophysical Service, 
Inc. and the Houston Technical Laboratory of Texas Instruments Inc. 


Local Investigations 


In addition to the above broad-scale studies, gravity, magnetic, and seismic 
studies have been made as thesis investigations in the mid-continent area in con- 


© BASEMENT VELOCITY STUDIES 
@ BASEMENT DEPTH MEASUREMENTS 


Fic. 4. Locations of seismic measurements of crystalline complex in southeast Atlantic states area. 


nection with the geology of the Lake Superior Geosyncline from Kansas to Lake 
Superior, the Des Plaines Structural Complex in Illinois, and the Baraboo Syn- 
cline and Wausau Igneous Complex in Wisconsin. 

Other studies, carried out as part of the University service program to the 
state, have been of a more detailed and local nature, and have been made for ex- 
press objectives, as, for example, the water supply of a municipality, the routing 
of a canal, the sub-surface geology at a dame site, and the feasibility of using a 
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given geophysical method for studying a mineral deposit. Thirty such investiga- 
tions have been made by students during the past five years. These have involved 
gravity, magnetic, electrical-resistivity, geiger-counter, electromagnetic and seis- 
mic refraction and reflection measurements. Bulletin 78 of the Wisconsin Geologi- 
cal Survey, ‘‘Geophysical Methods Applied to Geologic Problems in Wisconsin,” 
gives the results for most of the studies. 


CONCLUSION 


That the program for teaching geophysics at Wisconsin has merit is indicated 
by the comments we have received concerning men from Wisconsin and the 
advancement accorded these men in industry and teaching. It is, however, recog- 
nized that the program is not adapted to large groups of students and depends 
for its success in large measure of the fact that there is a close student-instructor 
relationship and that there are funds for field studies. Since the reactivation of 
the geophysics program at Wisconsin in 1949, there have never been more than 
sixteen graduate students in geophysics at any one time. Of the twenty-three men 
who have done graduate work in geophysics to date, one-third were men who had 
done their undergraduate work at institutions other than Wisconsin. Only two 
of the men had had any extensive undergraduate work in geophysics. Two had 
Master’s degrees in physics. Two had Master’s degrees in geology. Of the re- 
mainder, there was about an equal balance between men who had majored in 
physics and geology, only one man having had an engineering background. To 
date, four men have received a Master’s degree in geophysics, and this year there 
will be five men receiving a doctorate. 

General student interest in geophysics is evidenced by the enrollment in 
the two junior introductory courses, general geophysics (earth studies), and ex- 
ploration geophysics, which averages about twenty-five to thirty men each term. 
Of this group, usually two decide to take advanced work in geophysics. This 
apparently low ratio of interest can be attributed directly to the fact that the 
men taking introductory geophysics at Wisconsin are, for the most part, geology 
majors and do not have the prerequisites in mathematics or physics to take more 
advanced work in geophysics. 

In those schools where geophysics is sponsored by the physics department, 
a higher ratio of interest would be expected, since deficiencies in geologic training 
can be more easily overcome than those in mathematics and physics. As the 
common ground of interest between geophysics and geology is more extensive 
than that between geophysics, mathematics, and modern physics, it is indeed 
unfortunate that more geologists do not avail themselves of basic training in 
the more rigorous sciences so that they can at least understand their applications 
through geophysics and geochemistry to their chosen field of interest. 
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DISCUSSION OF PAPER BY G. P. WOOLLARD ENTITLED “AN 
EDUCATIONAL PROGRAM IN GEOPHYSICS”* 


M. KING HUBBERTt 


As this commentator pointed out originally in 1938, and at various times subsequently (Hubbert, 

1938, 1946), the teaching of geophysics in the departments of geology as these were constituted up 
until 15 or 20 years ago was an almost impossible task. This was because it was then the custom, with 
few exceptions, for geology students to terminate their mathematical] training at about trigonometry 
or college algebra, their physics either with no college physics at all or at most one year, and their 
chemistry after qualitative or quantitative analysis. 

Since geophysics is, by definition, the physics of the earth, and, since the physics of the earth 
embraces to an advanced degree most of the branches of classical physics and a considerable amount 
of nuclear physics, it is manifestly impossible to teach such a subject to students with the afore- 
mentioned training in the basic sciences. 

On the other hand the physics of the earth is of only incidental interest to professional physicists, 
but is of vital concern to the students of geology—‘“the science of the earth.” 

During the last decade this problem has been given intensive consideration among geologists 
themselves, and, in 1949, the Committee on Geologic Education of the Geological Society of America 
recommended for all students of geology not less than two years of college mathematics (including 
differential and integral calculus), not less than two years of physics, and not less than two years of 
chemistry, including physical and theoretical chemistry. 

The Committee further recommended that in order to effect sail a program with the minimum 
disturbance and maximum speed, the following steps should be taken by geology departments: 

“(z) Adopt immediately a curriculum along the general lines indicated herein. This will in a 
short time produce a group of geological students with a much better foundation in the physical 
sciences than have been available heretofore, even though their training in this respect may not have 
been utilized to the fullest advantage in their further geological studies. 

“(2) Select systematically the better men thus produced to fill departmental vacancies as these 


occur, and give these men the required latitude to reorganize those parts of the geology curriculum 
for which they are responsible.” 


Many geology departments have subsequently converted over to this, or to an even more strin- 
gent, curriculum with respect to the basic sciences, and students in such departments find no difficulty 
in studying geophysics or geochemistry either as an integral part of their training in geology or as 
major subjects. 

In view of these advances which have been taking place in many universities, Professor Woollard’s 
account of his own curriculum in geophysics and some of the difficulties encountered in his institution 
is particularly interesting. His curriculum is, on the whole, very good, but it comes with something 
of a shock to read that, at this late date, in their junior year, if the students taking geophysics are 
geology majors, they will probably have had only introductory physics and no mathematics beyond 
trigonometry. This is further emphasized by his closing remark: 

“As the common ground of interest between geophysics and geology is more extensive than be- 
tween geophysics, mathematics, and modern physics, it is indeed unfortunate that more geologists do 


not avail themselves of basic training in the more rigorous sciences so that they can at least under- 
stand their applications through geophysics and geochemistry in their chosen field of interest.” 


Professor Woollard does not add, however, that the responsibility for this situation rests not 
with the students of geology but with the administration of the geology department itself. In view 


* Invited discussion received by the Editor March 8, 1955. 
+ The Shell Oil Co., Houston, Texas. 
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of the advances in this respect that already have taken place in many of the geology departments of 
the country, it is ironical and regrettable that a department which once was in the vanguard of the 
geological profession should now have permitted itself to lag so far behind. 
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IN SUPPORT OF THE AMERICAN GEOLOGICAL INSTITUTE* 


CHESTER R. LONGWELLt 


Last year the number of member societies in the American Geological Institute 
was increased to 13 by admission of the Association of Geology Teachers. The 
youthful AGI, therefore, reminds us of our country at an early stage, when 13 
independent colonies came to realize the advantage of standing together. What 
exactly is the AGI, and what are the prospects that it will improve the status of 
all earth science? 

Near the start of the Great War—all of thirteen years ago—many of us were 
stirred by an article in which Carey Croneis (1942) focussed attention on the dis- 
unity and lack of direction in our science and profession. He decried the continued 
subdivision along specialistic lines, without a counter balance and stabilizing in- 
fluence in an over-all organization. In the war years that followed, the truth of 
this diagnosis became acutely evident. Geology was failing to get the recognition 
it deserved because we were not pulling together. During the war a concerted 
effort was begun to remedy this situation. Representatives of several societies 
met, first in New York, later in Washington, and after many days of discussion 
and study they drew up a plan for an American Geological Institute, with 
Articles of Organization. 

But important matters had to be resolved before the organization laid out 
on paper could actually function. Like the original colonies, the several societies 
had to be assured that their cherished freedoms would not be imperiled by the 
proposed union. Might the AGI grow into an incubus, a tyrannical overlord? 
These apprehensions gradually subsided, but a more practical difficulty came to 
the fore. Where would the proposed Institute have its quarters, and how would it 
be financed? In the spring of 1947 the Chairman of the National Research Coun- 
cil, Detlov Bronk, offered quarters and other facilities for the Institute in the 
National Academy Building in Washington, D. C. The more opulent geological 
societies contributed funds for the first year’s budget, and in November, 1948, 
the Institute was launched with an Executive Director and a modest secretarial 
force. It is now in its seventh year of operation. 

How has the infant fared, and what has it done to justify the hopes of its 
parents? Frankly, not all of the going has been easy, and honest doubts have 
been expressed as to whether the hopes were well founded. The most immediate 
and constant problem has been one of a home, with enough bread and butter. 
Employees and facilities mean an annual budget, which in turn requires an in- 
come. Much credit is due the National Research Council, which from the start 


* Adapted by the author from an article published in the Journal of Geological Education. Manu- 
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has supplied housing and has helped materially in meeting other running ex- 
penses. Additional chief sources of funds have been annual contributions from 
the Geological Society of America and the American Association of Petroleum 
Geologists; smaller sums from other member societies; donations from a number 
of oil companies, which are carried as associates of AGI; and gifts from individ- 
uals. The Institute has supplemented these sources, in a modest way, from 
sales of publications it has issued. But clearly the financial situation of the In- 
stitute is precarious, subject to change for the worse on short notice. Onset of 
a depression might take away all donations from private companies; one of the 
chief supporting societies might at any time decide that it has done its share. 
There is not, and under present conditions cannot be, any pension plan to assure 
an able director the security he may have in other attractive positions. And with- 
out high-caliber direction, how can our experiment in union of the earth sciences 
hope to wax strong or even to survive? 

A paragon among institutes of science is the American Institute of Physics, 
which was founded primarily to solve the publication problems of the several 
physics journals. These problems have been effectively resolved, and the resultant 
savings have placed the Institute on a sound financial basis. The situation among 
the earth sciences is very different; their principal journals are self-sufficient, and 
we see no immediate prospect that the several societies will consider pooling 
their publication activities for the common good. On what basis, then, can the 
earth sciences expect to have a union that will succeed both spiritually and finan- 
cially? 

Not until this year did we have any adequate basis for estimating the number 
of earth scientists in this country. Generous aid from the National Science Foun- 
dation has made possible a systematic register, which though not yet complete is 
in an advanced stage. Results now in hand indicate that our geologists and geo- 
physicists combined total about 20,000. The annual budget of the American 
Geological Institute is about $20,000. Can we afford to contribute a dollar or so 
each per year to keep the AGI going? That, of course, depends on the value of 
its services to each and all of us. What has AGI done, and what are its potentiali- 
ties for the future? 

(1) Geology is a mysterious subject to the average citizen. Most high-school 
students know nothing about it, and only a small percentage of college freshmen 
have any idea of geology as a cultural subject or as a possible field for a career. 
The first director of AGI, David M. Delo, saw in this situation an outstanding 
weakness of our profession. He sponsored and helped prepare several informative 
pamphlets and booklets which were widely distributed among laymen, particu- 
larly in high schools. This valuable service is only a beginning; the Institute 
should have a continuing program for “spreading the gospel” of earth science. 

(2) Information about departments of geology in this country and Canada— 
names and addresses of schools that have departments, faculty members in each, 
courses and degrees offered—was nebulous and unorganized until the Institute 
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prepared and published a complete directory. This valuable work of reference is 
being kept up to date and is a very practical help to geology teachers. 

(3) A directory that is even more widely useful was published by the In- 
stitute this year; it lists the names and addresses of all American geologists and 
gedphysicists who have been recorded in the register prepared with the aid of 
the National Science Foundation. Extending this directory and keeping it up 
to date will be a continuing project. 

(4) Although each of our societies has a journal, distributed among its mem- 
bers, there was no means of printed communication among all earth scientists 
until the AGI Newsletter was launched in 1948. For nearly six years this publica- 
tion has been on a subscription basis and has reached only one geologist in ten. 
Starting in September of last year, the ‘‘geologists’ newspaper” has been sent, 
free of charge, to every member of each parent organization. We hope that ad- 
vertising will eventually cover most or all of the cost, thus placing this news 
service on a permanent basis. Here is an organ with enormous potentiality for 
good. Through it geologists can present their views, make known their wants, 
learn much about their fellows from whom they have been in large part isolated. 
Already this paper carries a sizable list of inquiries from job seekers and em- 
ployers, and eventually it may play a large part in a placement service for geolo- 
gists. Even more important, it should help weave a bond of brotherhood among 
the varied kinds of earth scientists and so lead to a more perfect union. 

(5) Our literature becomes increasingly voluminous and technical, and dis- 
persed through many journals, some not readily available. The average geolo- 
gist’s only hope of keeping reasonably abreast of publications in his field lies in 
a convenient assemblage of good abstracts. Realizing this, officers of AGI have 
begun a systematic publication of Geological Abstracts, with the hope that nearly 
complete coverage may be achieved and, incidentally, that the average standard 
of abstract writing may be raised. 

(6) The technical vocabulary of the earth sciences is formidable. J. V. Howell 
conceived the ambitious plan of preparing a comprehensive glossary of geologic 
terms and asked the Institute to sponsor the project, which concerns all branches 
of geology and geophysics. Preparing and publishing this work is a formidable 
task, requiring considerable financial aid from the National Science Foundation. 
The Institute exercises general supervision only; the actual work is being done 
by staffs outside the Institute office. 

(7) Since the Second World War, scientists and statesmen have been much 
concerned about the training and conservation of our scientific manpower. In 
that war emphasis was placed on equality of service, in such degree that training 
of scientists was sadly neglected. Now we have in Washington a Scientific Man- 
power Commission, made up of representatives from the several major fields of 
science. Members representing the Earth Sciences are named by the AGI. 
Clearly, no one of our several societies could presume or be allowed to take the 
initiative in this critical matter; we must have a spokesman for our entire field, 
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and AGI is our ideal spokesman. The Scientific Manpower Commission is con- 
sulted by top civilian and military officials, and its performance is bringing 
about a wiser and more effective national policy in the training and use of scien- 
tists. If the AGI could perform no function other than this national representation 
of the Earth Sciences, its continuance would be more than justified. 

But some readers may exclaim, ‘“‘Why all these arguments in this space? If 
the geophysicists were not already convinced that the AGI is worthy, we would 
not have membership in the Institute.’”’ Opposition has been voiced recently, 
however, in some quarters. This opposition, which we believe has grown from 
ignorance of the facts, argues as follows: (1) All useful projects carried out by 
AGI could have been undertaken just as well through one or another of the parent 
societies. (2) The AGI is an added and unnecessary expense and in all likelihood 
will grow continuously more expensive, placing a burden on the member societies. 
(3) One of the larger parent groups—AAPG or GSA—could assume the role of 
national spokesman for all earth science. (4) The AGI has its headquarters in 
Washington, in close association with units of the federal government. This 
government already exerts an inordinate influence over our lives and affairs. 

Let us look at these points briefly. 

(1) Theoretically some individuals or societies might have done some of the 
things credited to AGI. Actually these projects waited until the union of societies 
was effected. The record of AGI demonstrates pretty conclusively the real need 
for an organization that focusses on the problems of all earth science. 

(2) Expense is of course a matter of concern to us all. We cannot afford to 
allow expansion of the AGI quarters and staff to care for unlimited operations. 
The present policy is to undertake a project only if no member society is willing 
and able to carry it through with its existing facilities; or if a special grant, from 
the National Science Foundation or a similar agency, makes it possible to set 
up an operating unit for the particular task. 

(3) Is it likely the original colonies would have agreed to let Massachusetts 
or New York or Virginia provide federal government for the entire group of 
thirteen? Human nature being what it is, the suggestion that one or another of 
our societies take over the leading role is futile talk. 

(4) The aversion to Washington as a home for AGI is astonishing. Even if 
we should admit a dislike for some aspects of the federal government, can we 
avoid dealing with it? Shall we go hide our heads in the sand instead of keeping 
ourselves informed about government actions that affect us closely? And can 
we be better informed anywhere than in Washington, where we can have direct 
contact with government offices and officials? The National Research Council 
is in no sense a part of the federal government, but it is an agency through which 
we can learn about government procedures and intentions that will affect us 
closely. And since governments are human affairs, we may, with proper contacts, 
exert some influence in fashioning important decisions. The Scientific Manpower 
Commission, in which we have a voice, is consulted and listened to by high 
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government officials. Washington is the one logical home for an organization 
that is to represent all earth science. 

The AGI is new, and as yet it has made no real contact with large numbers 
of individuals in the member societies. We need an educational campaign that 
will reach to the grassroots. Widespread circulation for the improved Newsletter 
should be effective in clearing away much of the misinformation about our 
Institute. 

How can we assure AGI a permanently sound financial basis? One possibility 
is to have the parent societies assess their members a small sum each per year. 
Each member will get a full return in the issues of the Newsletter. In addition, he 
will feel some direct responsibility for the support of the Institute and will have a 
personal interest in its program and its welfare. 
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PATENTS 


O. F. RitzMann* 


GRAVIMETRIC PROSPECTING 

U.S. No. 2,699,062. R. K. A. Tomaschek. Iss. 1/11/55. App. 5/11/49 and 5/10/50. Assign. Anglo- 
Iranian Oil Co., Ltd. 

Force Responsive Spring Device. A sensitive control spring for a force-measuring instrument, the 


spring being in the form of a thin wide ribbon coiled with diminishing radius and mounted so that the 
longitudinal axis of the unextended spring makes an angle with the direction of the force measured. 


U.S. No. 2,699,067. R. K. A. Tomaschek. Iss. 1/11/55. App. 5/11/49 and 5/10/50. Assign. Anglo- 
Tranian Oil Co., Ltd. 


Gravimeter. A gravimeter whose spring is a coiled thin ribbon of diminishing radius, the spring 
being made extremely sensitive by mounting its longitudinal axis at a slight angle with the vertical. 


MAGNETIC PROSPECTING 


U.S. Re. 23,950 (Original No. 2,561,489). F. Bloch and W. W. Hansen. Iss. 2/22/55. App. 12/23/46, 
7/24/51, 7/22/52. Assign. 1/2 to Felix Bloch and 1/2 to James L. Hansen. 


Method and Means for Chemical Analysis by Nuclear Inductions. A nuclear-induction magne- 
tometer in which a sample of material having gyromagnetic properties is subjected to an r-f magnetic 
field at right angles to the field being measured to cause nuclear precession, the measured field being 
modulated by a superimposed low-frequency magnetic field, and indicating with a c-r tube the 
exact time in the modulation cycle at which resonance with the precessional frequency occurs. 


U.S. No. 2,702,882. J. C. Arnold. Iss. 2/22/55. App. 3/1/52. Assign. Gamma Surveys, Inc. 


Apparatus for Measuring the Earth’s Magnetic Field. A non-oriented total-field magnetometer 
having three mutually-perpendicular electron-beam tubes with split targets and each arranged to 
hold the beam automatically in the slit by means of separate servomechanisms controlling beam- 
deflecting means, each servo also driving a square-law potentiometer with the outputs of the three 
potentiometers added and recorded. 


U.S. No. 2,703,864. R. I. Strough and H. N. Jacobs. Iss. 3/8/55. App. 6/28/44. Assign. U. S. A. 


Eddy-Current Compensator. Apparatus for compensating the field due to eddy currents in the 
metal skin of an aircraft having a large coil in the wing connected to an amplifier whose output is fed 
to a smaller coil adjacent the device to be compensated. 


U.S. No. 2,704,827. N. P. Millar and S. C. Hoare. Iss. 3/22/55. App. 7/22/50. Assign. General Electric 
Co. 
Magnetic Field Ratio Instrument. A magnetometer having a magnetized vane pivoted near one 
end and to one side of the axis of a current-carrying coil or magnet. 
RADIOACTIVITY PROSPECTING 
U.S. No. 2,699,513. B. E. Watt. Iss. 1/11/55. App. 3/18/50. Assign. The Texas Co. 


Radiation Detector. A gamma-ray detector having a series of cathode plates with aligned holes 
through which the anode wires pass, the plates also have a central hole with a cup and the envelope 
of the detector having radial partitions extending between the cathode plates to the central cup. 


* Gulf Oil Corporation, Patent Department. 
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U.S. No. 2,700,108. M. H. Shamos. Iss. 1/18/55. App. 10/18/52. Assign. Chatham Electronics Corp. 
Gamma Ray Survey Meter. A gamma-ray meter having a scintillating crystal and photomultiplier 


tube with a condenser which is first charged to high voltage and then connected to the multiplier tube 
and with gas-discharge tubes connected between intermediate electrodes of the multiplier tube. 


l’. S. No. 2,700,110. M. H. Shamos. Iss. 1/18/55. App. 12/6/52. Assign. Chatham Electronics Corp. 

Gamma Ray Survey Meter. A gamma-ray meter having an ionization chamber connected in series 
with a high-voltage source and a constant-current device, the latter being an ionization chamber 
with a mechanically-adjustable calibrated built-in ionization source. 


U.S. No. 2,700,111. R. B. Jacobs and E. C. Greanias. Iss. 1/18/55. App. 9/26/52. Assign. Standard 
Oil Co. 
Radiation Source. A beta-ray source which emits rays in two opposite directions having a film of 
radioactive material between a pair of sheets which are clamped together by disks with central holes in 
register with the radioactive material. 


U.S. No. 2,701,175. R. P. Mazzagatti and A. S. Conners. Iss. 2/1/55. App. 12/29/50. Assign. The 
Texas Co. 
Method for Treating Gamma-Ray Detectors. A method of treating a gamma-ray detector to reduce 
its background counts by subjecting it to a high vacuum and applying a high voltage across its ter- 
minals for several hours and afterwards refilling with ionizable gas. 


SEISMIC PROSPECTING 
U.S. No. 2,698,575. T. C. Poulter. Iss. 1/4/55. App. 7/2/49. Assign. Institute of Inventive Research. 


Charge for Seismic Exploration. An explosive charge for applying a flat shock wave downward and 
having an upper explosive of low detonation rate resting on another explosive of high detonation 
rate with the contact surface between explosives shaped so that a plane bottom face of the bottom 
explosive is an aplanatic surface for the detonation wave from the point of detonation. 


U.S. No. 2,698,927. J. O. Parr, Jr. Iss. 1/4/55. App. 7/13/53. Assign. Olive S. Petty. 

Seismic Surveying. A seismograph mixing system in which the geophone outputs are combined to 
establish a progressively increasing contribution from the geophones at the end of the group to the 
center with the progressive increase being less than the binomial coefficients of an expansion whose 
exponent is the number of geophones in the group minus one. 


U.S. No. 2,698,930. R. P. Gutterman. Iss. 1/4/55. App. 3/31/49. Assign. Remington Rand Inc. 


Magnetic Displacement Recorder. A device for making magnetic recordings of displacement having 
a moving record tape on a base and a permanent magnet suspended a short distance above the tape 
so that motion of the magnet toward and away from the tape produces a magnetic record. 


U.S. Re. 23,919 (Original No. 2,578,133). J. E. Hawkins. Iss. 1/11/55. App. 11/8/44, 12/11/51 and 
3/3/53. Assign. Seismograph Service Corp. 

System of Seismic Recording. A system of seismograph recording using a geophone with a broad 
frequency response to modulate a high-frequency carrier which is recorded on a magnetic tape from 
which it is reproduced, demodulated, filtered as desired, and re-recorded for inspection. 


U.S. No. 2,699,117. A. J. C. LaPrairie. Iss. 1/11/55. App. 1/20/54. Assign. Canadian Industries 
(1954) Ltd. 


Method of Blasting. A method of underwater blasting in which neighboring structures are pro- 
tected by an intervening curtain of air bubbles from submerged pipes supplied with compressed air. 
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U.S. No. 2,699,803. J. S. Mazzella. Iss. 1/18/55. App. 3/2/54. 
Blasting Mat. A blasting mat woven of flexible wire and in which space between warps is filled 
with U-shaped inserts. 


U.S. No. 2,700,753. G. Peterson. Iss. 1/25/55. App. 6/28/48. Assign. Phillips Petroleum Co. 


Method of and Apparatus for Seismic Prospecting. A multichannel radio seismograph recording 
system in which the incoming signals are heterodyned with a single local oscillator at the receiving 
station and this signal applied to a broadly-tuned circuit with a plurality of inductances which are 
coupled to sharply-tuned intermediate-frequency circuits whose signal is detected and recorded. 


U.S. No. 2,703,150. F. Rieber. Iss. 3/1/55. App. 9/29/49. Assign. Geovision, Inc. 


Geophysical Display System. A seismic reflection display system in which reproduced signals from 
a group of phonographically-reproducible records are fed into a c-r tube and the intensity of the elec- 
tron beam modulated according to the record signal and the beam deflected by signals from auxiliary 
records representative of the geometric parameters of the reflection path. 


U. S. No. 2,703,825. A. A. MacDonald. Iss. 3/8/55. App. 2/27/51. Assign. Westinghouse Electric 
Corp. 
Electronic Gain Control Device. An avec system in which the signal is used to generate a control 
voltage which becomes increasingly positive as the signal amplitude increases and which controls the 
impedance of a tube connected across the input of the amplifier and is in series with a fixed impedance 


to form a voltage divider. 
U. S. No. 2,704,031. C. A. Taylor. Iss. 3/15/55. App. 3/26/51. Assign. 1/2 to Frances Andrews 
Taylor. 
Borehole Explosive Charge Retainer. A plastic anchor for preventing upward movement of an ex- 
ee plosive cartridge in a borehole and having a semi-cylindrical base band with an upwardly and out- 
ie wardly curved fluke which grips the borehole wall and an inwardly pointed tongue which grips the 


explosive cartridge. 
U.S. No. 2,704,514. L. P. Barlow and G. H. Brainard. Iss. 3/22/55. App. 12/28/53. 


Preparation of Blast Holes to Receive an Explosive Charge. A method of preparing an irregular shot 
hole by filling it with a wet plastic material such as clay and inserting a tube through which refrigerant 


is circulated to freeze the material. 


U. S. No. 2,705,314. P. P. Gaby. Iss. 3/29/55. App. 10/24/49. Assign. California Research Corp. 


Mounting Device for Seismic Wave Responsive Apparatus. A saddle for a transverse motion geo- 
phone which has ground-engaging stakes so as to rigidly couple the geophone to the ground. 


WELL LOGGING 


U. S. No. 2,698,733. M. Schlumberger. Iss. 1/4/55. App. 4/21/48. Assign. Societé de Prospection 

Electrique Procedes Schlumberger. 

Method and Means for Studying Rocks Throughout Borings. A system for continuously obtaining 
small samples of hydrocarbon from formations by having a wheel around which a hydrocarbon- 
absorbing thread passses and which is pressed against the borehole wall, the thread being rewound in 
the apparatus and subsequently examined for fluorescence. 


U.S. No. 2,699,611. C. L. Norden. Iss. 1/18/55. App. 1/19/48. Assign. The Norden Laboratories 
Corp. 
A pparatus for Surveying Boreholes. A photographically-recording well-surveying apparatus having 
an electrically-driven azimuth gyro which is suspended in a cardan ring and weighted to compensate 
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for precession due to earth’s rotation and a pendulum inclinometer with friction damping which in- 
creases with increasing inclination. 


U.S. No. 2,699,675. J. R. Buck and J. C. Petree. Iss. 1/18/55. App. 3/6/50. Assign. Socony-Vacuum 
Oil Co., Inc. 


Two-Conductor System for Measuring Rate and Direction of Flow and Conductivity of Fluid in a 
Passage. A two-conductor system for a subsurface flowmeter which applies heat and measures the 
rise in temperature of the fluid and also its conductivity, one measurement being made at a voltage 
which is insufficient to fire a gas triode and the other measurement being made at a higher voltage so 
that the tube fires and actuates a relay which substitutes the second measuring apparatus. 


U.S. No. 2,700,131. R. M. Otis and R. L. Alder. Iss. 1/18/55. App. 7/20/51. Assign. Lane Wells Co. 


Measurement System. A system for electric logging while drilling in which apparatus in the drill 
collar momentarily actuates a flow restriction at spaced reference intervals and the electric parameter 
actuates the flow restriction at an intermediate time proportional to the parameter, the resultant 
pressure surges being picked up at the surface and recorded. 


U.S. No. 2,700,734. E. F. Egan and G. Herzog. Iss. 1/25/55. App. 5/24/54. Assign. The Texas Co. 


Subsurface Exploration. A method of making a permeability log of a well by pumping liquid to 
the bottom of the well through tubing while simultaneously pumping a radioactive liquid down the 
annulus and observing movement of the interface between liquids with a radioactivity detector low- 
ered through the tubing. 


U.S. No. 2,700, 897. J. J. Arps. Iss. 2/1/55. App. 9/20/50. 


Continuous Electrical Logging. A method of electric logging while drilling in which a battery at 
the bottom of the hole is connected to electrodes insulated from the drill stem and the current between 
electrodes generates hydrogen in the drilling fluid inversely proportional to the formation resistance, 
the hydrogen being separated from the drilling fluid at the surface and measured. 


U.S. No. 2,701,334. R. L. Alder. Iss. 2/1/55. App. 10/4/48 and 6/16/53. Assign. Lane-Wells Co. 


Electrical Logging of Well Bores. A four-electrode square-wave electric logging system in which the 
potential electrode circuit is interrupted at double frequency and so phased as to include both the 
picked-up signal and cable transient, and a filter circuit eliminates the transients from the measured 
potential. 


U.S. No. 2,702,352. S. Krasnow and M. J. Test. Iss. 2/15/55. App. 10/1/41, 5/19/48, 1/30/51 and 
5/26/53. Assign. Schlumberger Well Surveying Corp. 


Radioactivity Detecting Apparatus for Use in Boreholes. A radioactivity logging apparatus having 
a proportional counter whose series resistance is connected to an inverter which operates a class C 
amplifier whose output is indicated at the surface. 


U.S. No. 2,704,347. H.-G. Doll. Iss. 3/15/55. App. 12/6/51. Assign. Schlumberger Well Surveying 

Corp. 

Electrodes for Electrical Well Logging. An electric-logging electrode system using a short current 
electrode between a pair of longitudinally-extended electrodes which are connected together and their 
potential to the current electrode measured, the lowermost electrode being made collapsible so that 
the current electrode may reach nearly to the bottom of the hole. 


U.S. No. 2,704,364. G. C. Summers. Iss. 3/15/55. App. 10/28/50. Assign. Socony-Vacuum Oil Co., 
Inc. 


Velocity Well Logging. An acoustic logging apparatus in which the travel time of a pulse is meas- 
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ured by initiating coincident with the source impulse a linearly-increasing voltage whose value is 
indicated through an electronic switch actuated by the received impulse. 


MISCELLANEOUS 
U.S. No. 2,698,920. W. R. Gieske. Iss. 1/4/55. App. 3/6/51. Assign. The Ford Alexander Corp. 


Apparatus for Exploring Pipe in Wells. A device for locating collars or determining where pipe 
is stuck in a well and having an electromagnet whose field links with the pipe and a floating armature 
above the magnet with a detector coil in which a voltage is induced by movement of the armature. 


U.S. No. 2,699,544. A. F. Hasbrook. Iss. 1/11/55. App. 3/30/49. Assign. Olive S. Petty. 


Distance Measuring System. A phase-comparison radio distance-measuring system in which the 
master station transmits a modulated carrier with the modulation periodically distorted and the re- 
mote station returns the distorted signal whose phase displacement with a timing signal is measured. 


U.S. No. 2,699,835. J. M. Ide. Iss. 1/18/55. App. 11/12/43 and 1/27/50. 


Acoustic Testing Method. A method of acoustically testing water bottom by setting up a standing 
wave pattern with an acoustic vibrator in the water and exploring the sound pressure in the water 
with a hydrophone at various distances above the bottom. 


U.S. No. 2,700,593. J. F. Black and C. D. Smith. Iss. 1/15/55. App. 12/1/49. Assign. Standard Oil 

Development Co. 

Correlation of Crude Oils. A method of analyzing crude oils for purposes of correlation in which the 
oil sample is first diluted with a light hydrocarbon to precipitate the asphaltenes which are separated 
and redissolved and a spectrochemical analysis or infrared absorption analysis made on the solution. 
U.S. No. 2,703,977. F. H. Bailly. Iss. 3/15/55. App. 10/5/51. 

Method for Preserving Core Samples. A method of preserving sedimentary cores by winding the 
core with thread and then coating in with an impermeable binding material such as pitch. 

U.S. No. 2,704,658. K. J. Gordon. Iss. 3/22/55. App. 9/9/52. 


Mud Agitator. A device for collecting gas from the drilling mud flowing in the mud ditch having 
an inverted cup supported by arms from the sides of the ditch and having motor-driven paddles to 
agitate the mud and tubes connected to the top of the cup to remove the released gas. 


U.S. No. 2,705,289. A. H. Youmans. Iss. 3/29/55. App. 5/27/52. Assign. Well Surveys, Inc. 


Casing Collar Locator. A casing collar locator having a source of neutrons with a spaced scintilla- 
tion counter and a pulse-height analyzer at the surface which selects pulses indicative of iron and in- 
dicates their frequency of occurrence. 
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Foreign Oil and the Free World, Leonard M. Fanning. 1st Edition, 1954. 30 photographs. McGraw- 
Hill Book Company, New York, 400 p.+-xiii. $6.00. 


This is a very valuable book, replete with historical and economic information. The author is 
well versed in the knowledge of world oil resources, and a good authority on this subject. As the title 
page indicates, Mr. Fanning has written many other works on the same general subject, namely, 
The Rise of American Oil, American Oil Operations Abroad, and Our Oil Resources. This older material 
is also valuable and worth having, because it supplies interesting information on the less recent past. 

The scope of the book is well defined by the first sentence of the preface, indicating that it 
“attempts to point out the all-important contribution, to the nations of the free world, made by 
American oil companies operating overseas.” The emphasis in these lines is on “free world” and 
“American companies.” This approach conditions somewhat the trend of thought and ee 
of the author, as will be pointed out in several instances later in this discussion. 

The author is not concerned with the technical aspects of oil geology or production. The interest 
is purely historical, political, and economic. Such an angle should be particularly welcome and 
thought-provoking for executives and technical people who do not often have a chance to investigate 
this facet of their own industry. 

The book is divided into five parts. Of these, the first three make a single unit and constitute, 
so to speak, the piece de resistance. They deal with the development of the oil industry in Mexico, 
Venezuela, and the Middle East. 

In the first chapter, we find an exposé of the hazards of foreign operations. The history of oil 
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development in Mexico, Colombia, Venezuela, and the Middle East, from the days of the pioneers, 
is recounted. The insecurity of these oil ventures is emphasized, and the conclusion is inescapable 
that they constituted, and still constitute, a gamble of the highest magnitude. Indeed, it is not 
enough to take chances with the geology of the new provinces, with the productivity of their forma- 
tions, and the marketability of their would-be oil; one must in addition gamble one’s capital on the 
political future of the country involved, the unpredictable future of an independent nation, regarding 
which there is still less assurance and protection today than there was in the past. 

In the second part, the author gives an excellent historical presentation of the evolution of the 
relationships between the oil companies and the sovereign states in whose territories they operate. 
The development of the 50-50 profit-sharing principle in Venezuela is discussed, and its extension to 
territories of the Middle East is related. The changes brought about in these undeveloped countries 
by American capital are tremendous; present-day life and the economic future are deeply and 
favorably affected. American companies may be proud of their achievements, and it is to their 
great credit that their policy has not been selfish. In a fine spirit of generous cooperation, they have 
been willing to share the profits of their business on an equal basis with the local governments. 

The third part, while economic and historical, indulges somewhat in a prediction of the future. 
The author is optimistic. No doubt he feels that the present phase is here to stay. Quite a number of 
pages devoted to the theme, ‘“‘Sembrar el Petroleo—Sowing the Oil,” attest to that. Because local 
governments plow back part of their revenues into building up their economies, it ensues that their 
path towards ultimate freedom is secure; our enlightened action has made them part of the free 
world. Evils of the past, which the author has so ably described, will not return. Political disruptions 
cannot happen any more! Whether the forecast is that simple, whether the non-industrialized nations 
have fallen in, in full sympathy, with our ways of government and our achievements, is probably 
a point which the future will decide. 

Parts four and five deal with a large number of somewhat independent issues. An excellent chap- 
ter gives the history of the spectacular development which took place in the western Canadian 
provinces after the discovery of Leduc in February, 1947. This report is well to the point on account 
of the important part played by American capital in that new oil province. 

Another chapter outlines the petroleum-refinery expansion which we have witnessed, the world 
over, since the end of World War IT. This expansion started with the rehabilitation of many industrial 
centers of Europe ravaged by war. Soon its scope was boosted or enlarged, when we embarked on 
large programs of assistance in order to help many countries expand their industrial potential. 
Finally, some of these refineries have come to exist because the local governments wanted them. The 
excuse for this? There is, of course, the idea of self sufficiency, but at the bottom of it, it is easy to see 
the factors of national pride and protectionism. Be that as it may, it is quite evident that every nation 
wants its own refinery industry, whether it is an economic necessity or not. 

A pertinent question to ask is whether foreign oil pays. The author answers it in the affirmative. 
However, he finds it difficult to explore the early period of the business, and limits his inquiry to the 
last fifteen years. For this reason, his conclusions might be subject to reservation, and might be dis- 
proved in the long run. On the other hand, he is unquestionably correct in saying that “it is paying 
our nation to have American-controlled companies develop vast crude-oil reserves at strategically 
located points in friendly countries all over the world.” Indeed, in our world of today, this political 
aspect is of great moment, and it might have been worthwhile for the author to emphasize it further 
and study the policies and actions whereby such tremendous American establishments abroad might 
be protected securely-for many years to come. 

There is a chapter on the pros and cons of cartels in international trade. This subject occupied a 
place of prominence in the press and the trade journals a few years ago, when the government started 
an investigation to ascertain whether or not five major American companies violated the anti-trust 
laws of the country. The account is still interesting, historically, today. 

Another chapter gives a brief review of the most recent ventures in which American capital has 
been engaged abroad. There is also an excellent historical report on the Iranian oil settlement. In 
another chapter, the author tries to assess the possibilities of the U.S.S.R. both from the angle of 
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military self sufficiency, and with respect to future potential. His conclusion is that the Free World 
is strong in oil against Soviet Russia, and has nothing to fear. While we agree with him on the subject 
of oil potential, we may not want to follow him all the way in his conclusions. 

Finally, the book ends with a few interesting pages on the defense of the Free World, on inter- 
national policy, and future frontiers, all of course concerning oil. 

Mr. Fanning has written a fine book, full of interest and facts, and easy to read. Two appendices 
complete it usefully. Appendix I consists of statistics on production, investments, costs, and trans- 
portation. Appendix II lists the different companies operating in the Middle East together with data 
on their concessions. It also quotes different documents, treaties, or policies that apply to oil ex- 
ploitation. Finally, there is a very good index by names and subjects. 

Thirty-two nice photographs accompany the text, showing mostly views of oil exploitation in the 
Middle East, Indonesia, Venezuela, Colombia, and Canada. 

It is very unfortunate that a few maps have not been appended. They would have been most 
helpful in illustrating the discussion, rendering it more understandable and attractive. 

E. G. LEONARDON 


A pplied Geophysics, A. S. Eve and D. A. Keys, Fourth Edition, Cambridge University Press, New 
York, 1954. 


The first edition of this book appeared in 1928, almost thirty years ago. At that time it was the 
only book available in English on geophysical prospecting with the exception of the English transla- 
tion of Ambronn’s Methoden der Angewandten Geophysik. Since then three more editions of this vol- 
ume have been published, and considerable progress has been made in geophysical prospecting during 
this period. 

In each of the previous editions an effort was made to include the most important advances in 
the major branches of geophysics; and this statement applies also for the most part to the fourth 
edition. Emphasis has been placed on a discussion of improved methods for locating radioactive ore 
deposits and the use of airborne methods in conducting magnetic, electrical, and radioactive pros- 
pecting surveys. However, the sections dealing with seismology and gravity have not been revised to 
the same extent. For example, no mention is made of the many improvements and innovations in 
seismic instrumentation and interpretation that have been made in land seismic surveys, as well as 
the manner in which they have been adapted successfully for use in marine seismic prospecting. 
Specifically, no discussion is included of magnetic recording methods, pressure responsive pickups, 
pattern shooting, and shaped charges, to name but a few. Similarly, the improvements in the under- 
standing of seismic wave propagation theory as propounded by Ewing, Ricker, Dix, Dobrin, Bullen, 
Press, and others have been omitted. 

Some of the more recent improvements in instruments used for measuring gravity on land are 
described in some detail. However, no discussion is included of the several types of marine gravity 
meters that were developed and that have been used extensively in the search for oil on continental 
shelf areas since the publication of the third edition in 1938. 

In spite of the points made in the above paragraph, the reviewer feels that for those who wish to 
obtain a concise, qualitative picture of many of the major elements of the various geophysical pros- 
pecting methods available in the search for mineral deposits and oil fields, a perusal of this volume 
should serve to achieve this objective. It is believed therefore that this book could be used as a college 
text for an introductory course in geophysics designed primarily for students having only an ele- 
mentary knowledge of mathematics. The group of problems appearing at the end of each chapter adds 
to the value of the book for this purpose. 

RicHArD A. GEYER 


Geology of Petroleum by A. I. Levorsen, W. H. Freeman and Co., San Francisco, 1954, 703 p., $8.00. 


Of the many good books on petroleum geology which have appeared over the past few years, 
none has been so eagerly awaited by the petroleum industry as this one. The author has for many 
years been a top-ranking leader not only among oil geologists but also among earth scientists of all 
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kinds. He has the unique distinction of being a past president of the AAPG, the GSA, and the AGI. 
Considering the prestige of its author, one would expect Geology of Petroleum to be a highly superior 
product and, in the opinion of the reviewer, this expectation has been fully borne out. 

The geophysicist has a particular need for a comprehensive, up-to-date, and readable textbook 
on the geology of oil and gas. Many exploration geophysicists who must make extensive use of geologi- 
cal principles were trained originally as electrical engineers or as physicists and have had no formal 
instruction in geology. Although a large number of them have made up this deficiency remarkably 
well through everyday contact with the subject, there are advantages when this on-the-job instruction 
is supplemented by systematic reading. Levorsen’s book, being highly readable, is particularly well 
adapted for such self-education. 

Geology of Petroleum tends to differ from most other texts on the subject in its emphasis on topics 
which at first glance might seem more closely associated with petroleum production than with 
petroleum exploration. Physical and chemical characteristics of reservoir fluids such as oil and water, 
mechanics of reservoir flow, and reservoir pressures and temperatures, for example, are treated with 
a thoroughness that is usually found only in textbooks on petroleum engineering. The author justifies 
this accent on reservoir conditions on the grounds that the physical laws that govern the behavior 
of oil in a reservoir under development are the same as those responsible for bringing the oil to the 
reservoir initially. Hence a knowledge of these laws should aid the exploration geologist in his search 
for petroleum accumulations. Whether or not one agrees completely with this argument, it is cer- 
tainly true that these principles constitute an important aspect of petroleum technology that every 
geophysicist should understand. There is no longer any clear-cut demarcation between exploration 
and production in the petroleum industry of today. 

The five chapters (constituting 240 pages) on “The Reservoir” will probably be the most directly 
useful to the geophysicist. Three of these chapters are on the geology of reservoir traps. As the first 
geologist to stress the importance of the stratigraphic trap, Levorsen has taken a special interest 
in this topic and his chapter on stratigraphic-type reservoirs demonstrates his exceptional knowledge 
of the many unique stratigraphic conditions that cause oil to accumulate. This chapter, like the other 
chapters on reservoir traps, is profusely illustrated with maps and cross-sections of oil fields. The 
most spectacular examples of each type of trap are usually from the eastern hemisphere fields, often 
from those in the U.S.S.R. Some of the examples are so unusual that they will probably have greater 
academic than practical interest. 

A well-documented chapter on the origin of oil discusses the various current theories on this 
highly controversial subject. The author tends to favor the theory calling for transformation of 
organic matter into petroleum soon after deposition (before or during consolidation of the sediments). 
Although a number of lines of evidence are cited for this preference, the only direct argument is that 
based on the recent work of Smith, who claims to have observed peiroleum hydrocarbons in the shal- 
low sediments of the Gulf of Mexico. It is unfortunate that the information obtained by Stevens, 
Bray, and Evans, which was released for the first time at this year’s annual AAPG meeting, was 
too recent to have been cited. Their work gives evidence that the hydrocarbons in the Gulf sediments 
have a composition closer to that of organic debris in soil than to that of petroleum. 

Geophysical techniques, as well as electric logging, are given very little attention. This “‘seeming 
slight,” as the author calls it, is quite properly justified on the grounds that an adequate discussion 
of these topics would require much more space than could be given, and that both have been ade- 
quately treated elsewhere. Other authors of recent texts on petroleum geology who have tried to 
cover all of geophysics in 10 or 20 pages have demonstrated the wisdom of Levorsen’s decision on 
this point. Actually, a number of seismic maps, taken from the SEG’s first Case Histories Volume, 
are compared with corresponding geological maps to show the effectiveness of seismic surveying under 
favorable conditions. “A petroleum geologist,” says Levorsen, “needs to understand geophysical sur- 
veying as he understands surface geologic mapping, the use of the Brunton compass, and aerial 
photographs.” 

Geology of Peiroleum is recommended to all readers of GEopuysics who feel the need for a thor- 
ough, authoritative, well-written review of the origin, migration, and trapping of oil and gas. For the 
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practicing petroleum geologist, it should be a convenient reference work and bibliography. For the 
geophysicist, it should go far toward bridging any gaps in his knowledge of the broader principles on 


which all methods for petroleum exploration must necessarily be based. 
B. Dosrin 


Advances in Geophysics Vol. 2, edited by H. E. Landsberg, Academic Press, Inc., New York, 285 p., 


1955- 

This is the second volume of a continuing series of contributions on geophysical topics being 
assembled by Dr. Landsberg. The first was reviewed in GEopnysics in volume XVIII, p. 709 (1953). 
The new volume consists of five sections, each by different authors and on a separate topic. The titles 
of the individual articles show the diversity of the topics covered: 


“Advances in Radar Weather” by J. S. Marshall, Walter Hitschfeld, and K. L. S. Gunn 
“Methods of Objective Weather Forecasting” by Irving I. Gringorten 

“Wind Generated Gravity Waves” by Willard J. Pierson, Jr. 

“Geological Chronometry by Radioactive Methods” by J. Laurence Kulp 
“Earthquake Seismographs and Associated Instruments” by Hugo Benioff 


One can readily see that most of these contributions are somewhat removed from the type of 
geophysics that the SEG deals with. However, the separation is not as great as it might at first ap- 
pear. Certainly, meteorology and oceanography are more closely related to exploration since the 
advent of offshore prospecting than they may have been previously. Although the chapter by Benioff 
refers primarily to earthquake-measuring instruments, the fundamental principles of the various 
transducer systems used for this purpose apply equally well to the much shorter-period instrumenta- 
tion in geophones used for seismic exploration. The chapter by Kulp on geological chronometry con- 
tains a brief section on the carbon-14 method, which has seen numerous recent applications in the 


petroleum industry. 
All of the sections are written for the non-specialist in the field concerned and all contain fairly 


extensive bibliographies. 
Mitton B. Dosrin 


Review of Thermo-Remanent Magnetism and Reversals of the Main Geomagnetic Field. 


An earlier review (GEopuysics, Vol. XIX, No. 1, Jan., 1954, p. 168) covered a paper on changes 
in magnetic minerals, inverse magnetization, and the question of reversals of the geomagnetic field 
of the earth. A number of later papers dealing with this subject have come to hand and it seems 
worthwhile to review, briefly, the group as a whole as they present varied and conflicting interpreta- 
tions of field and laboratory investigations and leave the question of reversal of the earth’s field still 


unanswered. 
The papers under consideration, with numbers by which they will be referred in the discussion, are 


listed as follows: 


(1) “Reversals of the Main Geomagnetic Field,” J. Hospers, Koninkl. Nederl. Akademie Van 
Wetenschappen-Amsterdam, Proceedings, Series B; in three parts: Part 1, 56, 1953, pp. 467- 
476; Part II, 56, No. 5, 1953, pp. 477-491; Part III, 57, No. 1, 1954, pp. 112-121. 

(2) “The Natural Permanent Magnetization of the Lower Basalts of Northern Ireland,” J. 
Hospers and H. A. K. Charlesworth, Monthly Notices of the Royal Astronomical Society, 
Geophysical Supplement, Vol. 7, No. 1, 1954, pp. 33-43- 

(3) “Reverse Natural Remanent Magnetism of Dyke of Basaltic Andesite found near Sendai, 
Jahan” Yoshio Kato, Akio Takagi, and Iwao Kato, Science Reports of Tohoku University, 
5th Series, Geophysics, Vol. 6, No. 1, Aug. 1954, pp. 62-69. 

(4) “Self Reversal of Thermo-Remanent Magnetism of Igneous Rocks (III), T. Nagata S. 
Akomoto, and S. Uyeda, Geophysical Notes, Geophysical Institute, Faculty of Science, 
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Tokyo University, Vol. 7, No. 1, 1954, Contribution No. 1, (reprinted from Journal of 
Geomagnetism and Geoelectricity, Vol. V, No. 4, 1953, pp. 168-184. 

“Thermo-Magnetic Study of Ferromagnetic Minerals Contained in Igneous Rocks,”’ Syun- 
iti Akimoto, Geophysical Notes, Geophysical Institute, Faculty of Science, Tokyo Uni- 
versity, Vol. 7, No. 1 (1954), Contribution No. 11 reprinted from Journal of Geomagnetism 
and Geoelectricity, Vol. VI, No. 1, March 1954, pp. 1-14. 


The several papers can be classified as favoring either (1) a thermo-magnetic mechanism which 
allows a mass of rock to be magnetized in a direction opposite to that of the magnetizing field or, 
(2) a reverse magnetization considered as evidence of actual reversal of the direction of the Earth’s 
field in past geologic time. Nos. 1, 2 and 3 favor the second alternative while paper No. 4 favors the 
first alternative. Paper No. 5 is somewhat outside the question. 

Several mechanisms, differing in detail, have been proposed by Néel (See bibliography, paper 
No. 1, Pt. III) to provide a process by which a mass of rock may become magnetized in a direction 
opposite to that of the field. Four such mechanisms are reviewed by Hospers (paper 1, part II, pp. 
480-481). All involve lattice groups or domains of two types, A and B, with different crystal param- 
eters which give different Curie points or other differences in their response to a magnetic field. 
The mechanism which seems most directly related to the present discussion was stated at some 
length in the review mentioned in the opening paragraph above. Briefly, it involves materials A and B, 
with B becoming reversely magnetized in the reversed field between particles A which later lose their 
magnetization. Particles B retain the reversed magnetization, then dominate the magnetization of the 
rock mass. 

The Hospers papers (1) are based on magnetization of a series of lava flows in Iceland. The 
flows are very numerous, (of the order of 100) and range in age from Tertiary to historic times (to 
1948). Samples were taken from various flows at four different localities. It is found that the mag- 
netization of groups of flows is similar (either normal or reversed) followed by a group with the op- 
posite magnetization. Fig. 4 (part I, p. 473) shows stratigraphic columns from the four areas with in- 
dications of magnetization (i.e. “normal” or “reversed”). These columns indicate that ‘Quaternary 
flows have reversed magnetization preceded by late Tertiary flows which are normal and still earlier 
flows which are reversed,” etc., making four complete cycles of reversed and normal magnetization. 
Geologic correlations for the different areas indicate that the times of “normal” and “reversed” mage 
netization correspond. Also, it is stated (p. 476) that normal and reversed magnetization of sediments 
correspond with the magnetization of the lavas with which they are associated. 

The paper contains many polar diagrams and much discussion of the precision of determination 
of the direction of magnetization, relation to polar wandering, continental drift, etc. The author 
concludes that all explanations in terms of special minerals with reversed magnetization are invalid 
and that the only remaining explanation is reversal of the magnetic field of the earth. No mechanism 
for such reversals is suggested. 

Paper No. 2 deals with measurements of direction of magnetization of a series of basalt flows of 
doubtful Eocene age from four localities in Northern Ireland. All flows were found to be reversely 
magnetized. It is concluded that the mean of all directions of magnetization measured is a quite 
acccurate measure of the actual direction of the field at the time the lavas were formed “or its exact 
opposite direction” (p. 38). 

Paper No. 3 gives the results of measurements of the direction of magnetization of samples from 
a group of narrow basaltic andesite dikes intruded in green tuff. The tuff is of Miocene age, the dikes 
later Miocene or Pliocene. Profiles of samples were taken across several dikes and the adjacent tuff. 
In general, the dikes are reversely magnetized and the tuff is normal. Some samples were taken very 
close (1 cm) to the contact. In these the authors found a sharp reversal in magnetization at the contact 
which extended at least a centimeter into the green tuff. 

Samples of both types of rock were heated (in air?) to goo°C and cooled. All became magnetized 
in the direction of the field. From this test the authors concluded that “the reverse remanent mag- 
netization of these dykes occurs because of the general characteristics of thermal remanent magnetiza- 
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tion and the direction of these magnetization(s) is coincident with that of (the) geomagnetic field at 
the time when they cut (the) tuff and were cooled.” 

Paper 4 describes a special magnetic separator to isolate grains with different Curie temperatures 
found in volcanic rocks having a tendency to self-reversal in thermo-remanent magnetization Grains 
from the rock are spread in a thin layer on a plate in an electric furnace with a nitrogen atmosphere. 
While the grains are held at a constant temperature, a strong electromagnet is passed over the plate. 
The process is repeated at successively lower constant temperatures, thus separating the grains ac- 
cording to their Curie temperatures, and a “spectrum” of Curie points is determined. It was found 
that the rocks showing reversed magnetization have two principal components with Curie points 
around 450° C and around 230° C, the former much more abundant. These appear to correspond to 
the A and B constituents of the Néel theory of reversed magnetization. Some grains are intermediate, 
or of AB type; measurements on single grains showed that only the AB type grains are reversely 
magnetized. 

X-ray and chemical studies were made of the different types of grains from which it was concluded 
that the A-type constituent is a titanomagnetite with inverse spinel-type crystal structure and the 
B-type is an ilmenite-hematite solid solution with rhombohedral crystal structure. 

Paper No. 5 gives the results of measurements, in a strong field, of intensity of saturated mag- 
netization of ferromagnetic grains as a function of temperature. Certain nearly linear relations are 
found between pairs of quantities, chemical composition, lattice parameter, Curie point, and the 
intensity of saturation magnetization. The paper contains a large number of curves of saturation 
magnetization vs. temperature on heating and cooling for various ferromagnetic minerals. 

The net results of all the above is to leave the question of reverse magnetization still unanswered. 
The sequence of reversals of the earth’s field, indicated by the measurements on flows in Iceland and 
Ireland, seems very convincing to Hospers and reversal of the field also seems to be accepted by paper 
No. 4. On the other hand, the thermo-magnetic separation seems to give a fairly firm experimental 
Lasis for the A, B, AB types of mineral grains required for the Néel theory of natural reverse mag- 
netization without requiring reversal of the earth’s field. The present papers do not contribute to the 
question of reversed magnetization found in sedimentary rocks. 

To this reviewer, a connection between the Earth’s rotation and its magnetic field seems neces- 
sary which implies that a reversal of the field would require a reversal of the direction of rotation. It 
seems impossible that the direction of rotatior could have reversed several times from Eocene to 
present times to correspond with the field reversals inferred from the lava flow measurements. Also, 
why, if the field reverses, should there be no intermediate direction? A clear answer would be obtained 
if a sequence of reversals, in different parts of the world, could be clearly correlated in geologic time 
and, conversely, would give a new basis for geologic time correlations by the direction of magnetiza- 
tion. This possibility does not seem to be even remotely established as yet. 


L. L. NETTLETON 
Gravity Meter Exploration Company 
Houston, Texas 


Regional Gravity Investigations in the Eastern and Central Commonwealth Australia, by C. E. Marshall 
and H. Narain; University of Sydney, Department of Geology and Geophysics, Memoir 1954/2, 
October 1, 1954, Io1 pp. 


This paper gives the results of approximately 10,000 miles of reconnaissance gravity-meter lines 
with an average spacing of about 1o miles on 9 principal traverses. Observations were made with a 
Worden gravity meter. 

The traverses consist of widely spaced roughly east-west lines connected with one north-south 
line near the middle of the continent and one line along the east coast. All of the work isin the eastern 
half of Australia. 

The first section is generally descriptive of the nature of the observations, the meter and its opera- 
tion, and the reduction of the data. A short section (5 pages) on ““Bouguer Anomalies and their Inter- 
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pretation” is an unusually good short review of gravity observations, their reductions, and the causes 
of gravity disturbances. 

The main part of the booklet is a discussion of the individual traverses. For each such traverse 
there is a map showing the surface geology, a profile showing elevation and geologic section, an 
observed gravity profile with a “regional anomaly”, and a profile of residual Bouguer anomalies. The 
“regional” is drawn through the lowest parts of the observed gravity profile and is considered as an 
approximate measure of the isostatic effect. The amplitudes vary from o to nearly 100 mg, negative. 
A regional contour map is based on the regional anomaly curves. The “residual” anomalies are quite 
large, some with amplitudes approaching 50 mg. 

For each traverse there is a discussion of the relation of the residual anomalies to gross features of 
the geology. As might be expected there are many cases where clear relationships are apparent but 
others in which anomalies appear where not expected or fail to appear where expected from the 
lithology of the exposed rocks and their probable densities. These discussions are rather carefully 
considered and the general approach should be helpful in investigations of the relations of regional 
gravity to regional geology in other areas. 

For each traverse there is a statistical analysis of the relation between average elevation and 
average Bouguer anomaly. On the assumption of perfect isostasy this relation should have a slope 
corresponding to the Bouguer correction, i.e. — 0.034 mg per foot for the density of 2.67 used. Actually 
the slopes are all smaller than this figure and some are less than half as large. This indicates partial 
but not complete isostatic equilibrium. 

An attempt is made to calculate depths of basins from Skeels’ theoretical anomaly curves with 
different assumptions as to the basement density, Athy’s curve on the rate of compaction of shales 
with depth, and the shale-sandstone ratio in the sedimentary section. The paper also includes an 
attempt to relate “‘waves” in one of the gravity traverses in central Australia with theories, after Bul- 
lard and Vening Meinesz, for the strength of the earth’s crust, its thickness, and the calculated ‘‘wave 
length” expected on the basis of reasonable numerical values for the several parameters involved. 

As is usual with such regional gravity surveys and their interpretation, there are many gross 
features for which relations between gravity and geology are quite clear and many others which are 
left quite speculative. On the whole, this is a more complete and erudite analysis than is common in 
discussions of regional gravity surveys. 

L. L. NETTLETON 
Gravity Meter Exploration Co. 
Houston Texas 


“Dichte Untersuchungen an Gesteinen des West Harzes’”’, by D. Damm and A. Brumann (“Density 
Studies of Rocks of the West Harz Area’’), Geol. Jahr., v. 68, p. 161-168, June 1953. 


The authors of this paper have obtained a mean density value for these rocks based on several 
hundred samples. The results of this study indicate a mean density of 2.7 for this area rather than 2.4 
which heretofore has been used. The densities are given to the third decimal place. This may be con- 
sidered by some as not realistic because of the effect of the difference in porosity, temperature, and 
pressure of the specimens as measured in the laboratory. The authors have anticipated this by stating 
that the porosity of the rocks investigated is very low, as compared with conditions encountered in the 
field, seldom reaching 1% of the total volume, and they feel therefore that the values obtained are ac- 
curate to two units in the third decimal place. 

They have attempted to correlate ranges in density values for different rock types present in the 
area and have summarized this information on a map. The reviewer has used a similar approach in 
magnetics by attempting to differentiate between several primary types of igneous and metamorphic 
rocks by a statistical analysis of Delta Z measurements made over known geologic areas (GEOPHYSICS, 
v. 6, no. 2, April, 1951). The criteria developed in this manner can then be applied to adjacent areas 
in which the rocks are covered, and some idea can be obtained of subsurface geologic conditions. 

Detailed mineralogical and chemical analyses of typical rocks were also made in the West Harz 
area in an attempt to correlate systematic changes in rock densities with changes in petrology. In addi- 
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tion an interesting correlation was found between increasing percentages of iron and increasing rock 
density of the graywackes. As the iron content increases from 2 to 6 percent, in 1% increments, the 
density increases from 2.649 to 2.712. This study demonstrates again the great need for more informa- 
tion on rock densities in areas in which gravity surveys are made for improving interpretation tech- 
niques. Much would be gained at this stage in the development of gravity prospecting if a rock density 
information service would be organized in a manner similar to the existing seismic well velocity survey 


associations that have proven so useful in seismic prospecting. 
RIcHARD A. GEYER 


“Magnetische Untersuchungen an Gesteinen und Erzen der Grube ‘Bayerland’ im Zusammenhang 
mit den dort Festgestellten Delta Z und Delta H Anomalien,” by K. F. Seelis (“Magnetic Studies 
of Rocks and Ores in the ‘Bayerland’ Mine, in Regard to the Observed Delta Z and Delta H 
Anomalies”), Geol. Jahr., v. 68, p. 319-330, Dec., 1953. 


Professor H. Reich discovered this pyrrhotite deposit with a magnetometer a number of years ago* 
However, subsequent development of the ore body showed that its dip was much gentler than was 
interpreted from the magnetic survey. It varies in depth from 25 to 96 meters over a distance of about 
300 meters. The purpose of this investigation was to determine the reasons for this discrepancy based 
on a laboratory study of the magnetic properties of the rocks. These properties were measured by 
means of an instrument quite similar in design to that described by K. Puzicha in 1930 in Z. Prakt. 
Geol. Density measurements were also made in addition to susceptibility and induced and remnant 
magnetism. Forty-six of these values are presented in tabular form for a number of ore specimens as 
well as associated rocks. The samples were obtained from hand specimens by means of a small diamond 
coring machine. They varied from about 5.74 cm to 7.25 cm in length and about 2.5 cm in diameter. 
The specimens were cooled during cutting by a stream of water and the author believes that the 
magnetic properties of the rock were not altered during this process. 

In the past many investigators have made their magnetic measurements of rock specimens in 
magnetic fields which were many times greater than that of the present day earth’s field. This gives 
rise to some question as to the validity for comparative purposes of the results obtained in this manner. 
This question cannot be raised for the study under consideration because the measurements were 
conducted in a field of 0.44 gauss. 

The susceptibility of the specimens varied widely, from 125 to 207,000X 10-*, Even within one 
rock type the variation was large; for example, the phyllite susceptibility ranged from 125 X10-* to 
as much as 105,000X 10 *. This maximum value is greater than many of the values for ore specimens, 
which varied between 4,700X 10-* to 207,000 10 *. The high values for the phyllite as well as their 
wide range is undoubtedly related to a variation of the magnetite content. 

In addition, studies of the direction of magnetization of many of the specimens showed a wide 
variation with respect to the present day earth’s field. Attempts were made to change the direction of 
magnetization artificially on some of the specimens. However, even when fields as large as 10,000 
gauss were used, the direction of magnetization of the specimen could not be made to coincide with 
the present day earth’s field. These studies demonstrated again the fact that when interpreting 
magnetic surveys the ever-present problem of anomalous polarization must be considered. 

RICHARD A. GEYER 


“Wann Muss die Magnetische Vertikal Intensitat in einem Europaeischen Messgebiet registriert 
werden?,”’ A. Schleusner (“When Must Delta Z be Observed for Diurnal Correction Purposes in 
Magnetic Surveys in Europe?”), Geol. Jahr., v. 67, p. 361-366, Feb., 1953. 


The author has reviewed the literature of the last twenty years pertinent to answering the ques- 
tion that is raised so often, namely: over what distances can diurnal magnetic corrections be applied to 
insure accurate magnetic surveys. In addition he presents more recent data bearing on this problem 
obtained from several magnetic observations in Europe, and concludes with a series of rules of thumb 
which can be used in answering this question. 
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On the basis of recent available evidence he concludes that precision surveys, + 2—-+5 gammas 
according to his criterion, can be conducted as far as sixty miles from a magnetic observatory and 
their recorded values can be relied upon for diurnal corrections. Beyond this distance the diurnal effect 
should be determined by continuous observation in addition to returning every two to four hours to 
the base station. For reconnaissance surveys, which, he considers, should be accurate to within +5 
to +10 gammas, the maximum distance from the observatory for which the values can be used for 
diurnal correction is about 300 miles. At greater distances base station observations should be made 
at least at the beginning and end of a day’s traverse and preferably once or twice during the day. 

When conducting surveys in which very large anomalies are involved, as for example in the 
search for magnetite deposits or basalt dykes or flows, and the accuracy of its observations are of the 
order of +15 gammas, Schleusner does not feel that base-station corrections are necessary. However, 
he still recommends that observatory records be consulted to make sure that magnetic storms 
did not occur during the day, as well as recommending reading a value at a base station in the morning 
and at evening. 

In comparing simultaneous magnetogram values for observatories located in Europe about 200 
miles apart he finds that anomalies of as much as 40 gammas occur rather frequently between simul- 
taneous observations. In addition, recorded values with differences as great as 110 gammas have been 
observed occasionally between observatories. 

The autho: admits that the statements made above are at best generalizations and rules of thumb. 
However, he hopes that a more detailed investigation of this problem, under way at the time the paper 
was written, will be available soon so that more specific criteria can be developed. With the advent of 
the airborne magnetometer survey the problem of correcting for diurnal changes became somewhat 
simpler. However, it still is an important factor in magnetic surveys conducted on land in order that 
reliable results can be obtained at a minimum of cost, time, and effort. More stringent criteria would be 
most helpful, particularly for surveys in areas where transportation is a problem, because a valid 
appreciable decrease in the number of necessary base station checks would result in more rapid and 
economical surveys without a significant loss of accuracy. 

RicHarD A. GEYER 


“New Era of Geodesy” by W. A. Heiskanen, Science, Vol. 121, No. 3133 (14 Jan., 1955), pp. 48-50. 


This brief paper is a review of a symposium sponsored by the Institute of Geodesy, Photogram- 
metry and Cartography, the Mapping and Charting Research Laboratory, and the Graduate School 
of Ohio State University which was held last November 12th and 13th. The speakers were 16 scientists 
from the United States and abroad and the symposium was attended by scientists from different 
parts of the United States. 

The paper reviews briefly the different subjects taken up at the symposium which included: im- 
provements in geodetic observations, particularly with respect to long distance measurements and 
connection of geodetic points across the oceans from one continent to another; the detailed dimen- 
sions and shape of the earth as a whole; contributions to geodetic surveying by new optical instru- 
ments of the Wild type; world gravity ties as made by Woollard and his group with gravity meters; 
local and remote gravity surveys for calculating deflections of the vertical and undulations of the 
geoid; rocket-star triangulation (simultaneous photography of high altitude rockets against the stellar 
background); triangulation between continents by photography of the moon; electronic measuring 
systems including Shoran, Decca, Hiran, and the Geodimeter (which gives relative accuracy to one 
part in one million in measuring triangulation base lines and sides of triangles). 

The summary indicates that interesting and important material was presented but it would re- 
quire access to the original material to learn any of the details. 

L. L. NETTLETON 
Gravity Meter Exploration Company 
Houston, Texas 
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Quarterly Journal of the Geological Society of London, v. 110, no. 439 (Dec., 1954) 
Science, v. 21, nos. 3136-3149 (Feb. 11-May 6, 1955) 

Scientific Monthly, v. 80, nos. 3, 4, & 5 (March, April, & May, 1955) 

Tellus, v. 6, no. 4 (Nov., 1954) 

Transactions American Geophysical Union, v. 36, nos. 1 & 2 (Feb. & April, 1955) 


NEW BOOKS RECEIVED 


Longwell & Flint, 1955, Introduction to Physical Geology: New York, John Wiley & Sons. 

Schultz & Cleaves, 1955, Geology in Engineering: New York, John Wiley & Sons. 

Adams, Frank O., 1955, The Birth & Development of Geological Sciences: New York, Dover Publica- 
tions Inc. 

Bibliography of Geology Theses, 1954: Denver, Petroleum Research Libraries, Inc. 
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MEMORIAL 


J. B. H. HENDERSON 


J. B. H. Henderson, 49, President of Survey Drilling Company, died after a 
heart attack on Thursday, February 3, 1955, at his home, 6926 Lake Shore 
Drive, Dallas, Texas. On Friday, February 4, he was laid to rest in Restland 
Cemetery at Dallas after services in Sparkman-Brand Chapel. A popular man 
throughout the industry, he was known to friends and colleagues alike as “Jack.” 

He was born on February 27, 1905, in St. Louis, Missouri, where his father 
was serving as an engineer with the Corps of Engineers. From there the family 
moved to Vicksburg, Mississippi and then later to Monroe, Louisiana, and 
Jack’s early education was gained in those two cities. Still later the family moved 
to Galveston, Texas, where he was graduated from high school. 

Following high school Jack entered Rice Institute, and in 1927 he was 
graduated from that institution with a B.S. degree. After college he went to work 
for the Roxana Petroleum Company as a roughneck, and following that he be- 
came associated with the Wyatt Metal and Boiler Company of Houston, where 
he remained for several years. 
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In 1934 he organized the Hegralle Oil Company and the Oleander Petroleum 
Company, both of them family companies. Those were liquidated in 1940, and 
that same year, in conjunction with Mr. Fred Lehmann, he organized the Survey 
Drilling Company. His integrity, vitality, and warm personality were largely 
responsible for the growth of that company into one of the outstanding organiza- 
tions of its kind in the country. 

A man of unusual wisdom and vision, Jack helped to pioneer a number of 
developments in stratigraphic and core drilling, among them the ‘‘Core Hole 
Velocity Survey,” which now is in use throughout the industry. However, his 
talents and interests were by no means limited to his profession, for he was an 
accomplished lapidarian and his skill as a gold and silversmith are attested to by 
the countless articles of jewelry that he made for his friends. 

He was a firm believer that an individual’s first responsibilities are to his 
family and his community, and he actively supported that belief. Among other 
things he was a member of the Board of Directors of the Dallas Museum of Fine 
Arts, and he was one of the moving forces in the Dallas Petroleum Club. Other 
organizations to which he belonged were the Society of Exploration Geophysicists, 
which he joined in 1944, the American Association of Petroleum Geologists, and 
the Shreveport Petroleum Club, to mention only a few. He was of the Episcopal 
faith. 

In 1928 he was married to Marian Lege, and to that union two children were 
born. A son, John Hatton Henderson, at present is an airman in the United States 
Air Force, and a daughter, Natalie Henderson, attends Hockaday School in 
Dallas. 

Jack Henderson will long be remembered by his friends and associates, and in 
his passing the Society has lost an esteemed member. 

RICHARD BREWER 
March 21, 1955 
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CONTRIBUTORS 


FRANK B. CoKEr is a native of San Diego, California. 
He attended the University of Southern California, receiv- 
ing the B.E. degree in electrical engineering in 1951 and the 
M.S. degree in 1953. Experience includes work for the 
Hydropak Corporation as a research engineer, and for the 
Electraphone Corporation as an electronics engineer. He 
has also engaged in independent consulting activities on 
electronic measurement and control problems. In 1950 he 
commenced work for the United Geophysical Corporation 
on general research problems, and is presently a research 
supervisor. 

Mr. Coker is a member of the Society of Exploration 
Geophysicists, the Institute of Radio Engineers, Tau Beta 
Pi, Eta Kappa Nu, and Phi Kappa Phi. 


FRANK B. COKER 


WALTER Ross FILLIppone received a B.A. degree from 
Marietta College in 1942, major in geology, and an MLS. 
degree in geophysics from the California Institute of Tech- 
nology in 1944. In 1943 he joined the United Geophysical 
Company and progressed from chief computer to Area 
Manager of the Rocky Mountain Area. In 1953 he was 
assigned to the research laboratory in Pasadena, California 
as supervisor of the SEISYN project. 


WALTER Ross FILLIPPONE 
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CONTRIBUTORS 


GLENN W. ForpuaM graduated from Graceland Junior 
College in 1940. During the war, he was with General 
Electric at Bridgeport, Conn., in the test and inspection of 
electronic equipment. Following that he spent one year 
with Radio Corporation of America in audio development. 
He received the B.S. degree in Electrical Engineering from 
the University of Kansas in 1949. Since graduation he has 
been with The Atlantic Refining Company in the Geophysi- 
cal Laboratory at Dallas, Texas, working on the develop- 
ment of geophysical equipment. 

He is a member of the Society of Exploration Geo- 
physicists, Dallas Geophysical Society, and Sigma Tau. 


GLENN W. ForDHAM 


HusBert Guvyop received a degree in mining engineer- 
ing in 1925 from Saint Etienne in France. Until 1939 
he worked for Schlumberger Well Surveying Corporation 
in France, Germany, Rumania, Morocco, and the United 
States. From 1940 to 1945 he was employeed by Hallibur- 
ton Oil Well Cementing Company. In 1945 he opened a 
consulting office. In 1946 Mr. Guyod organized Well Instru- 
ment Developing Company of which he is President. He 
haswritten some so articles appearing in trade magazines on 
well logging and related subjects. 

Mr. Guyod is a member of the American Association 
of Petroleum Geologists, Society of Exploration Geophysi- 
cists, and Houston Geological Society. 


Husert Guyop 
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SIGMUND HAMMER 


Science Foundation, 1954. 


CONTRIBUTORS 


SiGMUND HAMMER was born August 13, 1901, in Web- 
ster, South Dakota, where his father was for many years a 
Norwegian-Lutheran minister. He received the B.A. degree 
at St. Olaf College, Northfield, Minnesota, in 1924, As a 
student assistant in the Physics Department there, he 
participated in the design, construction, and operation of 
the college broadcasting station, WCAL, which is still in 
operation. From 1924 until 1929 he was teaching fellow and 
graduate student in the Physics Department at the Uni- 
versity of Minnesota where he received the Ph.D. degree 
(Major: Physics; Minor: Mathematics). During this 
period, summers were spent in employment as radio opera- 
tor on board ship, research assistant, and radium technician 
in the University Hospital. 

Dr. Hammer has been employed in the Gravity In- 
terpretation Section of the Geophysics Division of the Gulf 
Research & Development Company, Pittsburgh, Pennsy]- 
vania, since 1929 and has had charge of the section since 


1946. He also is a lecturer in Geology at the University of Pittsburgh, where he teaches a course in 
Geophysical Prospecting. He has published several technical papers on the gravitational field of the 
earth, geophysical prospecting, and geophysical applications of the statistical theory of errors. 

Dr. Hammer is a member of the American Physical Society, Physical Society of Pittsburgh 
(Secretary-Treasurer 1941, Vice President 1942, President 1943), American Association for the Ad- 
vancement of Science, Pennsylvania Academy of Science, Sigma Xi, American Association of Pe- 
troleum Geologists, American Geophysical Union (Member, Special Committee on the Geophysical 
and Geological Study of the Continents), the Society of Exploration Geophysicists (Chairman, 
Regional Program Committee for the Eastern States; General Chairman for Eastern Regional Meet- 
ing in Pittsburgh in 1947; Vice President, 1950; President, 1951; Chairman, Geophysical Activities 
Committee, 1953- ); European Association of Exploration Geophysicists; and Consultant, National 


C. W. Horton received his B.A. degree in 1935 and 
his M.A. degree in 1936 from The Rice Institute. Except 
for one year (1937-1938) in the Graduate College of 
Princeton University, he worked for Shell Oil Co. from 
1936 to 1943. From 1943 to 1945 he was a Research Associ- 
ate at the Underwater Sound Laboratory at Harvard Uni- 
versity. From 1945 to the present he has been a research 
physicist at Defense Research Laboratory, The University 
of Texas. He received his Ph.D. degree in physics from 
The University of Texas in 1948. Since 1946 Dr. Horton 
has been a member of the faculty of The University of 
Texas and now holds the rank of professor. 

Dr. Horton is a member of The Society of Exploration 
Geophysicists, The American Physical Society, American 
Association of Petroleum Geologists, Seismological Society 
of America, American Geophysical Union, and Sigma Xi. 


C. W. Horton 
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CONTRIBUTORS 


J. O. Parr, JR., attended Washington University (St. 
Louis) and the University of Oklahoma and received a B.S. 
degree in Physics in 1932 from the University of Oklahoma. 
He did graduate work in physics and electrical engineering 
at the University of Oklahoma. He was employed by Petty 
Geophysical Engineering Company in various capacities on 
field seismic parties from 1936 to 1938. At that time he 
joined the research staff of Petty Laboratories, Inc., as a 
research engineer and geophysicist and has been head of 
research and patents departments. He also served as tech- 
nical supervisor on field techniques and instrumentation for 
Petty Geophysical Engineering Company and Petty Mining 
and Exploration Company. He is now a consulting geo- 
physicist, specializing in field operational techniques and 
struments on seismograph and radiometric surveys. 
He is a member of the Society of Exploration Geo- 
physicists (former district representative and member of J. O. Parr, Jr. 
standing Committee on Radio Facilities), American Geo- 
physical Union, European Association of Exploration Geophysicists, Seismological Society of Amer- 
ica, the Institute of Radio Engineers (chairman of the group which founded the San Antonio—Austin 
Section), American Physical Society, the Acoustical Society of America, and Geophysical Society of 
South Texas (a past president). 


Witti1am Harry Mayne received his B.S, and M.S. 
degrees in electrical engineering from The University of 
Texas in 1935, where he also lettered in football. Upon 
leaving school he was employed by Petty Geophysical 
Engineering Company as a junior observer. 

From 1935 to 1939 he served in various capacities on 
field seismic parties including foreign service in Venezuela, 
Colombia, Cuba, and Trinidad. In 1939 he joined the staff 
of Petty Laboratories, Inc. as research assistant and field 
service engineer. 

Since 1944 he has continued as research engineer in 
electronics and geophysics, and has been in charge of re- 
search on and development of seismic, medical, and in- 
dustrial instrumentation for Petty Laboratories. He also 
acts as technical supervisor on field techniques and in- 
strumentation for Petty Geophysical Engineering Co. 

He has contributed to the Journal of Aviation Medi- 
cine, Electrical Engineering, the Journal of A.I.E.E., and is 
the holder of a number of patents in the geophysical and electronic fields. 

He is a member of Tau Beta Pi, Eta Kappa Nu, Sigma Xi and the Geophysical Society of South 
Texas. 


WILLIAM Harry MAYNE 
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CONTRIBUTORS 


RAYMOND A. PETERSON, a native of Colorado, received 
a B.S. degree in geology in 1931, and a Ph.D. degree in 
geophysics in 1935 from the California Institute of Tech- 
nology. He was employed by the Geophysical Engineering 
Corporation from 1935 to 1938. Since 1938 he has been 
with the United Geophysical Company, first in field inter- 
pretation, and since 1943 as director of the Company’s 
research program. During 1941 and 1942 he was on leave 
of absence on wartime research projects with the University 
of California and Columbia University. 

Dr. Peterson’s interests are in the field of geophysical 
methods, interpretation, and instrumentation. He is a mem- 
ber of the Society of Sigma Xi, and Society of Exploration 
Geophysicists. 


Raymonp A. PETERSON 


STANISLAW A. VINCENZ, JR., was born in Poland in 
1915. He received his undergraduate training in England 
at the Imperial College of Science, London, where he gradu- 
ated in 1937, obtaining an Honours B.Sc. (Special) degree 
in physics and a diploma of Associateship of the Royal 
College of Science (A.R.C.S.). From 1938 to 1939 he studied 
geophysics and received a post-graduate diploma of Im- 
perial College (D.I.C.) in geophysics. After the outbreak 
of war in 1939 and during the succeeding nine years, which 
he spent on the war-harassed European continent, he was 
unable to devote much of his time to geophysical work. He 
resumed his geophysical activities in 1948 when he joined 
the teaching staff of the Geophysics Department, Imperial 
College of Science. In the course of his work there he as- 
sisted in the training of numerous exploration geophysicists 
and devoted also considerable time to research and in par- 
ticular to the study of the magnetic properties of rocks. In STANISLAW A. VINCENZ, JR. 
1952 he received a Ph.D. degree in geophysics and in 1953 
he became associated with the Industrial Development Corporation, Jamaica, as its geophysicist. 

Dr. Vincenz is a member of the European Association of Exploration Geophysicists and a Fellow 
of the Royal Astronomical Society of London. 
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CONTRIBUTORS 


GEORGE P. WoOOLLARD received the B.S. and M.S. de- 
grees in Engineering at the Georgia Institute of Technology, 
and the A.M. and Ph.D. degrees in Geology at Princeton 
University. As a National Research Fellow, he did post- 
doctorate work in geophysics at Lehigh University. During 
the war years he was a research group leader at the Woods 
Hole Oceanographic Institution working on problems re- 
lated to undersea warfare. His primary field of interest has 
been the study of the major tectonic elements of the con- 
tinents through gravity, magnetic, and seismic measure- 
ments. Since 1948 he has been associated with the Geology 
Department of the University of Wisconsin where he is at 
present Professor of Geophysics and Engineering Geology. 


GEORGE P. WOOLLARD 
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ABSTRACTS OF PAPERS PRESENTED AT THE TENTH 
ANNUAL GULF COAST REGIONAL MEETING 


HOTEL, SAN ANTONIO, TEXAS 
May 19 AND 20, 1955 
The S.E.G. in 1955 


Hucu M. TurRALts, Secretary-Treasurer of SEG 


The year 1955 will be one of the most eventful for the geophysicist and the SEG. With the 
proper application of energy and intelligence, it can be one of our greatest. 


Some Aspects of Exploration of the Offshore Gulf Coast 
M. G. Frey and O. A. PorrtEr, The California Company, New Orleans, Louisiana 


Since the first large scale geophysical exploration work in 1944 the offshore areas of Louisiana 
and Texas have seen an ever-increasing tempo of oil-finding activity. Geophysical methods have 
demonstrated that the water covered areas out to at least 100 feet are underlain by a seaward con- 
tinuation of the same type of structures that have been so prolific onshore. The advantages of un- 
restricted movement and high production enjoyed by the seismograph is somewhat counterbalanced 
by special problems including surveys, weathering, and regional velocity control. Stratigraphy and 
economic drilling and producing techniques are other all-important, and as yet unanswered, questions. 


Geophysical Accident Facts 
Bart W. Sorce, United Geophysical Corporation, Pasadena, California 


The work of the Society’s Safety Committee has continued during 1954. As a result of these 
efforts, more information is now known about geophysical accidents. This is useful in planning the 
prevention of future accidents and the continued improvement of the safety record of geophysical 
field parties. Much progress has been made since the inception of the Society’s Safety Committee, 
but much still needs to be done to put the improvement on an industry-wide basis. Effective accident 
prevention is not only a moral obligation, but can result in a drastic reduction of field operating 
expenses. 


The Long Interval Method of Measuring Seismic Velocity 
F. P. Koxesu, Schlumberger Well Surveying Corporation, Houston, Texas 


The method of seismic velocity determination, wherein the shot is detonated in a bore hole and 
the energy is detected at the surface, has been extended to operate in deep holes. This has been ac- 
complished by the use of a long interval arrangement of a multi-shot selective firing sound source 
gun and one or more geophones separated vertically by a cable several hun-Ired feet long. A series of a 
relatively few such inervals can “strap” a hole travel timewise with good accuracy. The high fre- 
quency content of energy generated by shooting in deep holes permits first arrival determination 
to a fraction of a millisecond, the accuracy of the interval measurements can be verified by over- 
lapping intervals. Travel time measurements over the cased portion of the hole can generally be 
accomplished by means of geophones placed at the surface. Operations are confined mainly to the 
bore hole, eliminating the need for numerous shot holes and handling of dynamite charges. Velocity 
surveys conducted in this manner become a routine well logging service, conducted in conjunction 
with other services, such as electrical logs. Comparison with conventional geophone surveys shows 
that the long interval method has the advantages of substantial savings in cost, increased convenience, 
and more reliable results. The paper describes, in a general way, the necessary field equipment, and 
field examples of surveys are presented. 
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Velocity Anistropy in Stratified Media 


L. F. Unric, Shell Oil Company, Midland, Texas, and F. A. VAN MELLE, Shell Development 
Company, Houston, Texas (presented by F. A. Van Melle) 


Velocity anisotropy has been reported by different authors (McCollum, Weatherby, White, and 
others) in Texas, Oklahoma and Canada. The phenomenon includes anisotropy of the individual 
layers as well as an apparent anisotropy resulting from the time gain on oblique paths in a sequence 
of layers. The authors and their co-workers with Shell Oil Company made time measurements on 
oblique paths to seismometers in wells and studied late arrival refraction data in sedimentary basins 
in Texas and Canada. The anisotropy factor (ratio of horizontal to vertical compressional speed) was 
found to vary from 1.05 to 1.24. At the present time the amount of statistical data on velocity 
anisotropy is limited, and it is therefore suggested that additional observations be made. The in- 
terpretation of seismic data would certainly gain from a knowledge of the degree of anisotropy, 
especially in wide angle reflection work and in refraction surveys, and this can be accomplished by 
adding offset shotpoints to routine well velocity surveys. 


A pplication of Correlation Techniques to Geophysical Prospecting 
C. W. Horton, University of Texas, Austin, Texas 


A recent development in geophysical research is the application of auto- and cross-correlation 
techniques to geophysical data in the hope of improving the signal-to-noise ratio. This work is sum- 
marized, and typical correlation functions for land and shallow water areas are presented. The relation 
between correlation techniques, filtering, and directional patterns is reviewed and illustrated. A theory 
is developed to explain the shape of the autocorrelation function of a seismogram trace. 


Safety Training for Seismic Units Operating in Foreign Fields 
W. F. Rickarps, Shell Oil Company, Houston, Texas 


The author presents the problem of effective administration of a safety program in foreign opera- 
tions where the services of a full-time safety engineer are not justified. Some practical aspects of 
setting up and administering such a program are also presented. 


Geophysical Data Reduction with Electronic Com puters 
Sipyt M. Rock, ElectroData Corporation, Pasadena, California 


Digital computers are now available at a variety of prices and capacities, some of which are 
suitable for geophysical data reduction and research. A brief description is given of the types of opera- 
tions which these machines perform, with special reference to the ElectroData, or DATATRON, 
systems. Several types of geophysical computations lending themselves to digital computation will be 
briefly discussed. 


Stratigraphic Relationships of the Radioactive Deposits in Karnes County, Texas 
W. R. Gray, Monterey Oil Company, San Antonio, Texas 


Middle Jackson (Eocene) non-marine sediments are both source and host beds for very valuable 
concentrations of radioactive ores. Formational contacts are not well defined and small member beds 
are erratic. Enrichment of sandstones above and below thick ash beds is very evident with bedding 
planes and joints in the ash itself being coated with autunite and carnotite. 


Problems of Uranium Exploration 
Tuomas R. SHuGart, Research, Inc., Dallas, Texas 


The present state of knowledge with regard to the geology of uranium occurrence is briefly out- 
lined. Some of the geological problems of uranium exploration are stated. The application of various 
geophysical and geochemical techniques to the solution of these geological problems is discussed. A 
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typical exploration program is described in which geology and geophysics are combined to meet the 
present day exploration requirement. 


Film: “Mi Vida” with Comments 
Cuar es A. STEEN, Utex Exploration Company, Inc., Moab, Utah 
Color film on operations in the “Mi Vida” mine, including comments on locating and producing 


uranium ore. 


Geophysical History of the Sharon Ridge Canyon Field, Scurry County, Texas 
Rosert C. Stone, Humble Oil & Refining Company, Midland, Texas 


The Humble Oil & Refining Company’s early geophysical exploration efforts in the Sharon Ridge 
area included a reconnaissance gravity meter survey in 1937 and a reconnaissance reflection survey in 
1938. In 1949, following the discovery of the Sharon Ridge Canyon Field, a detailed reflection survey 
was made of the entire southwestern portion of Scurry County. The results of the gravity meter and 
seismic work are compared with the reef structure that is revealed by present subsurface control. 
Conversion of reflection time to depth is accomplished by means of a local velocity gradient map. 


The Geophysical Case History of the Good Hope Field, St. Charles Parish, Louisiana 
G. A. Burton, Shell Oil Company, New Orleans, Louisiana (read by O. G. HoLEKamp, Shell Oil 
Company) 

The exploration history of the Good Hope field is reviewed. Comparisons of seismic and subsur- 
face maps of the field show that the major features of the structure were correctly predicted by con- 
tinuous reflection profiles. 


Gravity-Meter Exploration in Marine Areas 
EuGENE FroweE, Robert H. Ray Company, Houston, Texas 
This paper describes methods of conducting gravity meter surveys in water-covered areas such 
as bays, lakes, and oceans. Types of boats, gravity meters, surveying techniques, cost per station, 
reliability of results, and problems will be discussed. Typical gravity-meter anomalies encountered in 
Gulf of Mexico will be shown. 


Statistical Methods in Multiple Seismometer and Pattern Hole Shooting 


Mark K. Smitu, Geophysical Service Inc., Dallas, Texas 


Much has been said and written about multiple seismometers and pattern hole shooting, including 
material based on empirical results, antenna theory, and statistics. In the present paper we attempt a 
comprehensive treatment leading to nomograms suitable for field determination of optimum multiple 
seismometer and multiple shot patterns. Field measurements providing information essential to the 
application of the nomograms are discussed and statistical estimation is used to supplement the neces- 
sarily limited experimental information. 


Instruments for More Complete and Effective Coverage of the Seismic Spectrum 
Frep A. Brock, Geophysical Service Inc., Dallas, Texas 


The quest for more accurate and detailed structural information has led to the development of 
high-resolution reflection systems, to improvements in conventional reflection systems, and to the 
development of tailor-made refraction systems. These systems will be described and other instru- 
mentation advances discussed. 
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The Composition of Reflections 

J. P. Woops, The Atlantic Refining Company, Dallas, Texas 

The reflection seen on a seismic record is often a composite of several reflections. The interpreter 
thinks that he deals with a single interface, when in reality, he is dealing with a number of close- 
spaced reflecting layers. If the arrangement of these layers changes, the composite reflection seen on 
the record will change in time of occurrence and in character. In consequence, the horizon carried 
by the interpreter will be in error. To demonstrate this composition of reflections, a simple acoustical 
model has been built and various records made with this model will be shown. 


Airborne Scintillometer Surveys for Oil 
Joun C. Wuitaker, Lundberg Explorations, Limited, Toronto, Ontario, Canada 


The instrumentation and flying technique with an hypothesis to explain the observed facts. This 
involves a discussion of (1) The radioactivity of marine sediments, (2) Their solution at depth, and 
the near surface precipitation of radioactive materials, (3) The evidence (chemical, electrical, and 
geological) bearing on vertical migration and the migration and accumulation of oil. 


A Mechanism to Account for Radiometric Anomalies in the Soil Over Oilfields 


R. Maurice Tripp, Tripp Research Corporation, Dallas, Texas 


A hypothesis is proposed to account for field and laboratory observations concerned with the 
anomalous distribution of gamma-emitting elements in the soil above an accumulation of petroleum. 
An assumption is made that the escape of the confined gases is described as a modified Laplacian 
function where the gas diffuses through a semipermeable media under thermodynamically reversible 
conditions. The migrating gas causes an increased rate of evaporation at and near the earth-air inter- 
face which results in several geochemical changes including the local precipitation of gamma emitting 
elements and physical adsorption by certain aluminum silicate crystal structures of the gamma 


emitters and the passing hydrocarbon gases. Subsequent alpha emission stimulates a condensation 
of hydrocarbons which have an affinity for the same adsorption sites as the radioelements and being 
less mobile soon mutually displace them. The result is a lateral movement of the radioelements in the 
near surface ground-water away from the zone transgressed by the hydrocarbon gas and enrichment 
thereof in the immediately surrounding soil. 

An anomaly is therefore recognized as an area in which there is a deficiency in the normally 
indigenous radioelement content coincident with a maximum in the condensed hydrocarbon content 
and surrounded by an excess concentration of gamma emitters. 


Study of Relationship between Safety Effort and Accident Rate 


W. H. Hawkes, Stanolind Oil & Gas Company, Casper, Wyoming (read by W. H. NEwrTon, 
General Geophysical Co., Houston, Texas) 


A resume of a survey conducted during 1954 among geophysical contractors and shot hole drilling 
contractors. The results were classified, tabulated, and analyzed from the standpoint of effectiveness 
of the committee’s safety efforts and some important conclusions were reached regarding the com- 
mittee’s future course of action. Some revealing correlations are drawn between the safety effort 
expended and safety results obtained. Illustrated with slides. ; 
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SOCIETY ROUND TABLE 
COMMITTEES 


EXECUTIVE COMMITTEE, EIGHTEEN MONTHS ENDING IN OCTOBER, 1955 


President: Pau L. Lyons, Sinclair Oil and Gas Co., Tulsa, Oklahoma 
Vice-President: Roy F. BENNETT, Sohio Petroleum Co., Oklahoma City, Oklahoma 
Secretary-Treasurer: HucH M. THRALLs, Geo Prospectors, Inc., Tulsa, Oklahoma 
Editor: Mitton B. Dosrin, Magnolia Petroleum Co., Dallas, Texas 
Past President: Roy L. Lay, The Texas Company, New York, N. Y. 


STANDING COMMITTEE ON NOMINATIONS 


Chairman: Paut L. Lyons, Sinclair Oil and Gas Co., Tulsa, Oklahoma 
Roy L. Lay Curtis H. JOHNSON 


TWENTY-F1IFTH ANNUAL MEETING COMMITTEES 


General Chairman: RoBert Dyk, Geophysical Service Inc., Denver, Colorado 
Vice-Chairman: Ratru C. Hoimer, Bear Creek Mining Co., Denver, Colorado 


Technical Program K. E. PETERSON 
CHARLES B. Situ, JR. 


MarvIN RoMBERG, Chairman 
Joun Ho tisteEr, Vice-Chairman Registration 
C. L. SHEPHERD 


SAMUEL J. ALLEN, Chairman 


E. B. Wasson 
K. H. WATERS W. A. Meszaros, Vice-Chairman 
Dart WANTLAND J. MorEpock 
G. V. KELLER J. Bapami 
W. CHRISTIAN 
Arrangements M. Jupy 
F. R. VERSAW 
C. C. O’BoyLE J. R. Reese 
Entertainment 
C. L. Barker, Chairman C. E. RippeEtt, Chairman 
A. WILKINSON, Vice-Chairman 
F. H. PERssE Technical Service 
W. R. PEERY GrorcE Rocers, Chairman 
R. L. Kretz Ratpu Parks, Vice-Chairman 
Housing A. H. McFappEN 
J. FARRELL 
LESLIE SPENCER, Chairman Cart LoMAX 
Frep L. Travis, Jr., Vice-Chairman 
Paut E. Goopwin Educational Exhibits 
H. CARLSON James E. Tuompson, Chairman 
RosBeErt H. AUERBACH MartTINn GOULD 
G. STAVES 
Joun M. Nasu Exhibits 
James D. Berwick W. M. Erpaut, Chairman 
H. L. Rasf£, Vice-Chairman 
Publicity W. E. WINKLER 
F. L. Lockarp, Chairman F. L. MitcHELL 


Jason JOHNSON, Vice-Chairman T. S. GREEN 
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SOCIETY ROUND TABLE 


Ladies General Chairman: Mrs. W. H. Wurtu 


Day Chairmen 
Mrs. F. R. VERSAW 
Mrs. ROBERT Dyk 
Mrs. WESLEY MORGAN 
Mrs. Mitton Ladies Hospitality 
Mrs. R. L. KRrEtTz Mrs 


Luncheon and Fashion Shows 


Mrs. ROBERT KENDALL 


. L. F. Lockarp, Chairman 


Ladies Registration Mrs. C. K. SHEPHERD, Hostess 
Mas. CL. Mrs. A. Haic, Decorations 
; Mrs. R. R. Parks, Small Tours 
Mountain Tours Mrs. H. L. Rasé, Bridge 
Mrs. RoBert Dyk Mrs. R. C. Hotmer, Refreshments 


STANDING COMMITTEE ON EDUCATION 


Chairman: J. B. MACELWANE, S.J., Saint Louis University, St. Louis, Missouri 
D. C. SKEELS Joun C. HOLtisTER 
M. Kinc HuBBERT PERRY BYERLY SHERWIN F. KELLY 
BENO GUTENBERG H. W. Stratey III 


STANDING COMMITTEE ON STUDENT MEMBERSHIP 


Chairman: FRED J. AGNicH, Geophysical Service Inc., Dallas, Texas 
J. Tuzo Witson Joun HOLtisTER Joun T. GEER 


STANDING COMMITTEE ON DISTINGUISHED LECTURES 


Chairman: PETER DEHLINGER (’55), Texas A. & M. College, College Station, Texas 
Francis F, CAMPBELL (’56) 


JOHN FERGUSON (’56) 


STANDING COMMITTEE ON Rapio FACILITIES 
Chairman: R. D. Wycxorr, Gulf Research & Development Co., Pittsburgh, Pa. 
Vice-Chairman: W. M. Rust, Jr., Humble Oil & Refining Co., Houston, Texas 


Bart W. SorGE C. B. Bazzoni DANIEL SILVERMAN 
E. M. SHook V. ROBERT KERR RICHARD BREWER 


STANDING COMMITTEE ON MEMBERSHIP 


Chairman: BArt W. SorGE, United Geophysical Corp., Pasadena, California 
T. O. Francis F. CAMPBELL 


STANDING COMMITTEE ON Honors AND AWARDS 


Chairman: L. L. NETTLETON, Gravity Meter Exploration Co., Houston, Texas (’55) 


ANDREW GILMOUR (’56) SIGMUND HAMMER (’58) 
GEORGE E. WAGONER (’57) Curtis H. JOHNSON (’59) 


STANDING COMMITTEE ON PUBLICATIONS 


Chairman: Joun P. Woops, The Atlantic Refining Co., Dallas, Texas 


L. L. NETTLETON Cecit H. GREEN 
M. Kinc HuBBERT SIGMUND HAMMER 
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STANDING COMMITTEE ON REVIEWS 
Chairman: N. C. STEENLAND, Gravity Meter Exploration Co., Houston, Texas 


Paut C. WUENSCHEL F. A. VAN MELLE R. A. GEYER 
M. M. SLotnick E. G. LEONARDON T. A. ELkins 
W. T. Born 


STANDING COMMITTEE ON PUBLICITY 
Chairman: BEN F, RUMMERFIELD, Century Geophysical Corp., Tulsa, Okla. 


H. C. BicKEL H. G. McCLeary W. R. O’BRIEN 

L. J. LARGUIER GeorGE D. Gipson A. A. HuNZzICKER 

JuLian ASHBY P. E. NARVARTE G. A. SAMUELS 

Joun A. LESTER Joun C. McCasiin Dovuctas W. ALLAN 
RICHARD S. NOBLE KENNETH R. ETTER 


Sam J. ALLEN 


STANDING COMMITTEE ON PUBLIC RELATIONS 
Chairman: R. C. Dunuap, Jr., Geophysical Service Inc., Dallas, Texas 
Epwarp G. SCHEMPF A. E. McKay C. G. Daum 


Ws. P. OGILVIE E. L. RICKETTS DALE E. TuRNER 
RoBert Dyk EuGENE W. FROWE L. D. Dawson, Jr. 
STANLEY W. WILCOx Van A. PETTY, JR. Lewis RILEY 


STANDING COMMITTEE ON GEOPHYSICAL ACTIVITY 
Chairman: SicmuND HAMMER, Gulf Research & Development Co., Pittsburgh, Pa. 


KENNETH L. Cook C. C. LisTER Kumyi 
HERBERT HOOVER, JR. WALTER S. OLSON A. GarctA Rojas 


STANDING COMMITTEE ON SAFETY 
Chairman: JouN F. Imte, Geophysical Service Inc., Dallas, Texas 


R. A. WEISBRICH WALTER E. JASPER Bart W. SorGE 
W. H. Hawkes W. H. NEwTon Joun W. GREEN 
E. L. JoHNsON FRANK SEARCY G. M. KIntTz 


SPECIAL GLOSSARY COMMITTEE 
(AGI GLossary SUBCOMMITTEE) 
Chairman: RicHarp A. GEYER, Geophysical Service Inc., Houston, Texas 


GLENN J. BAKER F. HALE LEE PARK 
Joun G. BEARD C. H. HiGHTOWER FRANK A. ROBERTS 
C. Hewitt Dix Joun C. HOLLISTER FRED ROMBERG 


R. L. KisstinGEer 


SPECIAL COMMITTEE ON GEOPHYSICAL CASE HistoriES VOLUME II 


Chairman: D. P. Cartton, Humble Oil and Refining Company, Houston, Texas 
Editor: Pau L. Lyons, Sinclair Oii and Gas Co., Tulsa, Oklahoma 


R. A. PETERSON FRANK GOLDSTONE P. M. KonxkeE 
Norman J. CHRISTIE Joun H. Witson STEFAN VON Croy 

: Mitton B. Dosrin Joun W. Daty Paut E. NAsH 

a T. I. HARKINS SIGMUND HAMMER J. BRIAN Expy 

MARVIN ROMBERG W. H. Fenwick E. S. SHERAR 
W. W. NEwTon C. H. DrEsSBACH L. L. NETTLETON 
O. C. CLIFFORD R. M. BRADLEY EUGENE W. FROWE 


W. L. Martyasic H. C. McCarver 


DEAN WALLING 
A. B. BRYAN Roy L. Lay 


R. F. BEERS 
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Subcommittee on Mining Case Histories 


Chairman: Haroun O. SEIGEL, Consultant, Toronto, Canada 
KENNETH L. Cook J. Ewart BLANCHARD 
Howarp McMurry SHERWIN F. KELLY 
Rosert G. VAN NostRAND 


SPECIAL COMMITTEE ON CONSTITUTION AND ByLAWws 
Chairman: W. M. Rust, Jr., Humble Oil & Refining Co., Houston, Texas 
Henry C. Cortes ANDREW GILMOUR J. J. Jakosky 
Cecit H. GREEN SIGMUND HAMMER L. L. NETTLETON 


SPECIAL COMMITTEE ON CODE OF ETHICS 


Chairman: JAMES A. Brooks, Jr., Humble Oil & Refining Co., Houston, Texas 
Cecit H. GREEN GEORGE E. WAGONER 


SPECIAL COMMITTEE ON STANDARDIZATION OF MAGNETIC RECORDING OF SEISMIC SIGNALS 


Chairman: R. R. THompson, Humble Oil & Refining Co., Houston, Texas 
KeitH R. BEEMAN J. D. EIster B. D. LEE 
ROLAND F. BEERS GLENN M. GROSJEAN R. A. PETERSON 
S. J. BEcun J. E. HAWKINS F, A. VAN MELLE 
K. E. Burc K. M. LAwRENCE J. E. WHITE 


Subcommittee on Definitions and Measurement 


Chairman: Wo. E. N. Doty, Continental Oil Co., Ponca City, Okla. 
R. A. ARNETT Louis W. ERATH L. B. McManis 
FRANK COKER RoGER HARLAN RoBErRtT C. Moopy 
ROBERT KELLEY 


SPECIAL COMMITTEE ON RESEARCH 


Chairman: Dayton H. CLEWELL, Magnolia Petroleum Co., Dallas, Texas 


Hewitt Dix MAvRICE EWING B. D. LEE 

A. PETERSON J. E. HAWKINS H. F. DuNnLAP 

S. WILLIAMS T. J. O’7DONNELL J. M. CRAWFORD 
H. GREEN L. L. NETTLETON DANIEL SILVERMAN 


R. 
W. 


SPECIAL COMMITTEE ON INDEX OF WELLS SHOT FOR VELOCITY 


Chairman: V. U. GaItHER, Continental Oil Company, Ponca City, Oklahoma 


ADVISORY COMMITTEE ON RADIOACTIVE MINERAL EXPLORATION 
(Joint committee of AAPG, SEPM, and SEG) 


F. H. LawEE (’55), Chm., Sun Oil Company, Box 2880, Dallas, Texas 
Henry C. Cortes* (’56), Vice-Chm., Magnolia Petroleum Company, Box goo, Dallas, Texas 
1955 1956 1957 
H. GREEN* GERHARD HERz0G* ROLAND F. BEERs* 
Morton T. Hices RoBErT R. RIEKE JEAN C. FINLEY 
J. HARLAN JOHNSON WILFRED B. TAPPER Haroip N. Fisk 
GERALD H. WEstTByY* Ronatp E. McApaAms 
H. E. StomMet* 


* SEG Members. 
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DIRECTORS OF THE AMERICAN GEOLOGICAL INSTITUTE 


Curtis H. Jonnson (Nov., 1956) SicGmMuND (Nov., 1955) 


REPRESENTATIVE ON DIVISION OF EARTH SCIENCES 
NATIONAL RESEARCH COUNCIL 


C. B. Bazzoni (June, 1955) 


REPRESENTATIVE ON COUNCIL OF 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


ROLAND F. BEErs, Beers and Heroy, Troy, N. Y. 


LOCAL SECTIONS 


GEOPHYSICAL SOCIETY OF TULSA 
(CHARTERED FEBRUARY 2, 1948) 


President: JouN M. CRAWFORD, Continental Oil Co., Ponca City, Okla. 
1st Vice-President: STANLEY WILCOX, Seismograph Service Corp., Box 1590, Tulsa 1, Okla. 
2nd Vice-President: W1LL1AM M. ErpAnt1, Skelly Oil Co., Box 1650, Tulsa, Okla. 
Secretary: JOHN RupNIK, Manhart, Millison & Beebe, Jenkins Bldg., Tulsa, Okla. 
Treasurer: R. B. Rice, Phillips Petroleum Co., Bartlesville, Okla. 
Editor: E. V. McCottium, E. V. McCollum & Co., 515 Thompson Bldg., Tulsa, Okla. 
District Representatives: 
Norman RICKER, The Carter Oil Co., Box 801, Tulsa, Okla. 
L. Y. Faust, Amerada Petroleum Corp., Box 2240, Tulsa, Okla. 
Paut L. Lyons, Sinclair Oil & Gas Co., Box 521, Tulsa, Okla. 
Meetings: Monthly, 2nd Thursday, 7:00 p.M., meeting only, University of Tulsa, Room 224, Petro- 
leum Science Hall. 


SOCIETY OF EXPLORATION GEOPHYSICISTS HOUSTON SECTION 
(CHARTERED FEBRUARY 14, 1948) 


President: T. O. Hatt, General Geophysical Co., 2514 Gulf Bldg., Houston 2, Texas 
1st Vice-President: FRED E. ROMBERG, Geophysical Service Inc., 839 Esperson Bldg., Houston 2, 
Texas 
2nd Vice-President: A. A. HUNZICKER, Seismic Explorations, Inc., 1007 S. Shepherd, Houston, Texas 
Secretary: H. W. McDonno_Lp, Keystone Exploration Co., 2813 Westheimer, Houston, Texas 
Treasurer: W. B. LEE, Gulf Research & Development Co., Drawer 2100, Houston, Texas 
District Representatives: 
O. B. Hocker, The Texas Co., Box 2332, Houston 1, Texas 
G. A. BERG, Berg Geophysical Co., 2122 Welch, Houston, Texas 
Joun F. AnpErson, Anderson & Cooke, 500 San Jacinto Bldg., Houston, Texas 
Meetings: Monthly, 1st Monday, Noon luncheon ($1.50), Rice Hotel. 


PACIFIC COAST SECTION 


(CHARTERED APRIL 12, 1948) 


President: JouN W. MATHEWS, Richfield Oil Co., Box 147, Bakersfield, Calif. 

Vice-President Northern District: RICHARD W. SHOEMAKER, Ohio Oil Co., Box 193, Bakersfield, Calif. 

Vice-President Southern District: ELLSwortH M. Curry, Shell Oil Co., 1008 W. 6th St., Los Angeles 
17, Calif. 
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Secretary-Treasurer: L. I. Brockway, Western Gulf Oil Co., Box 1392, Bakersfield, Calif. 
District Representatives: 
Fuint H. AGEE, United Geophysical Corp., 2227 S. 4th Ave., Arcadia, Calif. 
Ws. D. Corrricut, Tide Water Associated Oil Co., 2202 Terrace Way, Bakersfield, Calif. 
Mitton C. Born, Amerada Petroleum Corp., 552 Subway Terminal Bldg., Los Angeles, Calif. 
Meetings: Monthly, 2nd Thursday, Noon luncheon ($2.00), Biltmore Hotel, Los Angeles. 


DALLAS GEOPHYSICAL SOCIETY 
(CHARTERED AUGUST 7, 1958) 


President: R. C. Duntap, Jr., Geophysical Service Inc., 5900 Lemmon Ave., Dallas 9, Texas 
1st Vice-President: MARTIN C. KELsEy, Rayflex Exploration Co., 6923 Snider Plaza, Dallas, Texas 
2nd Vice-President: Tom PRIcKETT, The Atlantic Refining Co., Box 2819, Dallas 1, Texas 
Secretary-Treasurer: JOHN T. GEER, Magnolia Petroleum Co., Box goo, Dallas 1, Texas 
District Representatives: 
O. C. CLirForD, Jr., The Atlantic Refining Co., Box 2819, Dallas 1, Texas 
Crcit H. Green, Geophysical Service Inc., 5900 Lemmon Ave., Dallas 9, Texas 
J. P. Woops, The Atlantic Refining Co., Box 2819, Dallas 1, Texas 
Meetings: Monthly, generally but not invariably 2nd Monday (contact any member). 8:00 P.M. 
Fondren Science Bldg., S.M.U. 


FORT WORTH GEOPHYSICAL SOCIETY 
(CHARTERED AUGUST 7, 1948) 


President: E. J. GEMMILL, Cities Service Oil Co., 1111 Ft. Worth National Bank Bldg., Fort Worth, 
Texas 
Vice-President: H. E. ProkEsu, Continental] Oil Co., 1710 Fair Bldg., Fort Worth, Texas 
Secretary-Treasurer: JAMES DIvELBISS, The Chicago Corp., 2122 Continental Life Bldg., Fort Worth, 
Texas 
District Representatives: 
F. O. Morttock, Gulf Research & Development Co., Drawer 1290, Fort Worth, Texas 
L. O. SEAMAN, Sinclair Oil & Gas Company, gor Fair Bldg., Fort Worth, Texas 
Meetings: Monthly, 4th Monday, Noon luncheon ($1.50), Texas Hotel. 


ARK-LA-TEX GEOPHYSICAL SOCIETY 
(CHARTERED MARCH 12, 1949) 


President: J. RYAN WALKER, Arkansas Fuel Oil Corp., Box 1171, Shreveport, La. 
Vice-President: GLENN J. BAKER, Wm. M. Barret, Inc., 1431 Dalzell, Shreveport, La. 
Secretary-Treasurer: Bruce Fox, The Atlantic Refining Co., 922 Texas Eastern Bldg., Shreveport, 
La. 
District Representaiives: 
B. B. Burroucus, Sunray Oil Corp., Ricou-Brewster Bldg., Shreveport, La. 
RosBeErt B. Baum, Seismograph Service Corp., Box 1590, Tulsa 1, Oklahoma. 
Meetings: Monthly, last Monday, Noon luncheon ($1.50), Caddo Hotel, Shreveport. 


PERMIAN BASIN GEOPHYSICAL SOCIETY 


(CHARTERED JANUARY 30, 1950) 


President: J. E. FINLEY, Continental Oil Co., Box 431, Midland, Texas 

1st Vice-President: J. S. PLuta, Honolulu Oil Corp., Drewer 1391, Midland, Texas 
2nd Vice-President: R. M. Pinson, Union Oil Co., 619 West Texas, Midland, Texas 
Secretary: BILLy C. JOHNSON, Forest Oil Corp., Box 2066, Midland, Texas 
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Treasurer: N. R. PARK, Standard Oil Co. of Texas, McClintic Bldg., Midland, Texas 

District Representative: PaAut C. REED, Forest Oil Corp., Box 2066, Midland, Texas 

Meetings: Monthly 2nd Tuesday, 7:30 p.M., free coffee and doughnuts, Cowden Jr. High School 
cafeteria. 


DENVER GEOPHYSICAL SOCIETY 
(CHARTERED May 109, 1950) 


President: C. K. SHEPHERD, Continental Oil Co., Continental Oil Bldg., Denver, Colorado 

Vice-President: E. B. Wasson, The California Co., Box 780, Denver, Colorado 

Secretary-Treasurer: J. R. REEVES, Aurora Gasoline Co., 227 U. S. National Bank Bldg., Denver, 
Colorado 

District Representative: DART WANTLAND, 727 Pearl St., Denver, Colorado 

Meetings: Monthly, 1st Monday, 5:30 P.M., meeting only, Petroleum Club, 1644 Glenarm Place. 


CANADIAN SOCIETY OF EXPLORATION GEOPHYSICISTS 
(CHARTERED JANUARY 24, 1952) 


President: R. D. HOLLAND, Texaco Exploration Co., 237 7th Ave., Calgary, Alberta 
Vice-President: E. G. Hatnes, Seaboard Oil Co., 630 8th Ave. W., Calgary, Alberta 
Secretary-Treasurer: H. J. McGrew, Canadian Gulf Oil Co., Box 130, Calgary, Alberta 

District Representative: G. F. Coote, Accurate Exploration Ltd., 2201 roth Ave. W., Calgary, Alberta 
Meetings: (Data not received) 


GEOPHYSICAL SOCIETY OF OKLAHOMA CITY 
(CHARTERED SEPTEMBER 30, 1952) 


President: J. E. Stones, The Superior Oil Co., 2211 Liberty Bank ™'dg., Oklahoma City, Okla. 
1st Vice-Presideni: R. D. RoBErts, Sohio Petroleum Co., Box 3656, Oklahoma City, Okla. 

2nd Vice-President: D. J. VAN NostRAND, Gulf Oil Corp., Box 9667, Cklahoma City, Okla. 
Secretary: JOHN BEMROSE, Sohio Petroleum Co., Box 3656, Oklahoma City, Okla. 

Treasurer: R. H. Peacock, Superior Oil Co., 2211 Liberty Bank Bldg., Oklahoma City, Okla. 
District Representative: D. W. Ratuirr, Stanolind Oil & Gas Co. Box 1654, Oklahoma City, Okla. 
Meetings: Monthly, 2nd or 3rd Monday, time and place to be announced. 


CASPER GEOPHYSICAL SOCIETY 
(CHARTERED May 23, 1953) 


President: G. NEWMAN SHELL, Cities Service Oil Co., 1719 S. Oak, Casper, Wyo. 
Vice-President: GEORGE N. MEADE, Stanolind Oil & Gas Co., Box 40, Casper, Wyo. 
Secretary-Treasurer: WESLEY N. FARMER, Richfield Oil Corp., Box 698, Casper, Wyo. 
District Representative: Don B. WinFREy, Winfrey Exploration Co., Box 755, Casper, Wyo. 
Meetings: Monthly, 1st Monday, 7:00 P.M., Dinner ($2.75), Townsend Hotel 


GEOPHYSICAL SOCIETY OF SOUTH TEXAS 
(CHARTERED NOVEMBER Q, 1953) 


President: WELDON L. CRAWFORD, Petty Geophysical Engineering Co., Transit Tower, San Antonio, 
Texas 

Vice-President: LEE Moore, Petty Geophysical Engineering Co., Transit Tower, San Antonio, Texas 

Secretary-Treasurer: LAWTON B. STEPHENSON, Petty Geophysical Engineering Co., Transit Tower, 
San Antonio, Texas 

District Representative: BART Pratt, Petty Geophysical Engineering Co., Box 2061, San Antonio, 
Texas 
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Meetings: Semi-monthly, 2nd and 4th Wednesdays, Noon luncheon (Cafeteria style), Sommers Cafe- 4 * 
teria, Main Plaza, San Antonio. = 
SOUTHEASTERN GEOPHYSICAL SOCIETY 


(CHARTERED APRIL 1, 1954) 


President: G. A. Burton, Shell Oil Co., Box 193, New Orleans, La. 
Vice-President: J. A. Harris, The California Co., 800 The California Co., Bldg., New Orleans 12, La. 
Secretary-Treasurer: J. B. ME1TZEN, Humble Oil & Refg. Co., Box 626, New Orleans 7, La. 
District Representatives: 
CrarK E. ALLEN, Geophysical Service Inc., 522 Arlington Dr., New Orleans 20, La. 
K. R. WELLs, General Geophysical Co., 5025 St. Bernard Ave., New Orleans, La. 
Meetings: Monthly, 3rd Monday, Noon luncheon ($1.50), St. Charles Hotel, New Orleans. 


MONTANA GEOPHYSICAL SOCIETY 
(CHARTERED APRIL 12, 1954) 


President: D. M. STEEL, Geotechnical Corp., 251 Avenue F, Billings, Montana 

1st Vice-President: H. R. Apams, Sohio Petroleum Co., Box 529, Billings, Montana 

2nd Vice-President: EDWIN BARTEL, Petty Geophysical Engrg. Co., 403 North 24th St., Billings, 
Montana 

Secretary-Treasurer: S. G. BuFoRD, JR. 

District Representative: 

Meetings: (Data not received) 


DAKOTA GEOPHYSICAL SOCIETY 


President: O. H. ARMSTRONG, Mobil Producing Co., Box 1236, Bismarck, North Dakota 

1st Vice-President: W. E. Puriuips, Stanolind Oil & Gas Co., Box 1437, Bismarck, North Dakota 

2nd Vice-President: QuIN Hayes, Mobil Producing Co., Box 1237, Bismarck, North Dakota 

Secretary-Treasurer: JOHN R. SMuckeER, E. I. du Pont de Nemours & Co., Inc., Box 642, Bismarck 
North Dakota 

District Representative: HENRY Nocami, The Atlantic Refining Co., Box 728, Dickinson, North 


Dakota 
Meetings: Monthly, 1st Friday, 7:30 P.M., Petroleum Club, Prince Hotel, Bismarck. 


JACKSON GEOPHYSICAL SOCIETY 
(Chartered May 12, 1955) 
President: FRED G. KniGuT, The Ohio Oil Co., Box 850, Lafayette, Louisiana 
Vice-President: Putt P. GaBy, Delta Exploration Co., 206 West Rankin St., Jackson, Mississippi 
Secretary-Treasurer: ROBERT R. Puitiips, Honolulu Oil Corp., 403 Deposit Guaranty Bank Bldg., 
Jackson, Mississippi 
District Representative: To be elected 
Meetings: To be announced. 


STUDENT SOCIETIES 


(AFFILIATED) 
COLORADO SCHOOL OF MINES SOCIETY OF STUDENT GEOPHYSICISTS 
President: W1LL1AM F. CLARKE Secretary-Treasurer: ROBERT MADDEN 
Vice-President: LEONARD ZASEYBIDA Faculty Sponsor: JouHn C. HOLLISTER 


Meetings: (Data not received) 
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GEOPHYSICAL SOCIETY OF SAINT LOUIS UNIVERSITY 


President: RICHARD SNEIDER Secretary: THomas McEVvILLy 

Vice-President: GILBERT BOLLINGER Treasurer: ROBERT RILEY 

Faculty Moderator: REV. JAMES B. MACELWANE, S.J., Institute of Technology, 3621 Olive St., St. 
Louis 8, Mo. 

Meetings: Monthly, 2nd Wednesday, 7:30 P.M., Meeting only, Institute of Technology, 3621 Olive 
Street. 


SOCIETY OF EXPLORATION GEOPHYSICISTS HOUSTON STUDENT SECTION 


President: L. STANLEY, 608 Gale St., Houston 22, Texas 

1st Vice-President: R. P. Massey, Electrical Engineering Dept., The Rice Institute, Houston Texas 
2nd Vice-President: JEFF Suipps, Geology Dept., University of Houston, Houston, Texas 
Secretary: F. L. Sacunik, Geology Dept., University of Houston, Houston, Texas 

Treasurer: Miss MARN JOHNSON, Geology Dept., University of Houston, Houston, Texas 
University of Houston Sponsor: R. A. GEYER, 3743 Childress St., Houston 1, Texas 

Rice Institute Sponsor: C. R. WISCHMEYER, The Rice Institute, Houston, Texas 

Meetings: (Data not received) 


UNIVERSITY OF TORONTO GEOPHYSICAL SOCIETY 


President: H. A. SHILLIBER Secretary-Treasurer: R. M. FARQUHAR 
Vice-President: E. A. W. JONES Faculty Sponsor: J. Tuzo WiLson 


Meetings: Bi-weekly, alternate Thursdays, 4:00 P.M., 49 St. George St. 


UNIVERSITY OF TULSA STUDENT GEOPHYSICAL SOCIETY 


President: JACK NOBLE Secretary: CECILE NASH 
Vice-President: ED MCKEON Treasurer: Scott SMITH 
Faculty Sponsor: J. W. BERG 


Meetings: Every Tuesday, 7:00 P.M., meeting only, Petroleum Science Hall. 


TRANS PECOS STUDENT SECTION 


Box 56, Texas Western College 
E] Paso, Texas 


President: JOE H. ScALEs Secretary: JOHN T. SAMPLE, JR. 
1st Vice-President: PETER G. GRAY Treasurer: WiLL1AM D. GRANT 
2nd Vice-President: Harry R. Hirscu Faculty Sponsor: WM. S. STRAIN 
Meetings: To be announced. 


PENNSYLVANIA STATE UNIVERSITY GEOPHYSICAL SOCIETY 


Department of Geophysics and Geochemistry 
State College, Pennsylvania 


Secretary: ALFRED E, WILLIAMS Faculty Sponsor: B. F. HOWELL, JR. 
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MEMBERSHIP APPLICATIONS RECEIVED 


Applications for Active membership have been received from the following candidates. This 
publication does not constitute an election but places the names before the membership at large, in 
accordance with Bylaws, Article III, Section 4. If any member has information bearing on the quali- 
fications of these candidates he should send it to the President within thirty days. 


ARNETT, GEORGE R., Geologist, Richfield Oil 
Corp., P.O. Box 147, Bakersfield, Calif. 

AVERY, Micpurn G., Chief Computer, Robert H. 
Ray Co., Box 6557, Houston, Texas 

BentTON, Douctas F., Part Chief, c/o Petroleum 
Consultants, Inc., Box 117, Anadarko, Okla. 

BLEKER, Jutius W., III, Seismic Operator, Hum- 
ble Oil & Refining Co., Box 428, Hattiesburg, 
Miss. 

Buionpy, F. H., Ingenieur, Compagnie Generale 
de Geophysique, 50, rue Fabert, Paris, France 

BREvSSE, J. J., Ingenieur, Cie Generale de Geo- 
physique, 50, Rue Fabert, Paris, France 

BurnHAM, DonaLp E., Jr. Geophysicist, Shell 
Oil Co., 3314 Maroneal St., Houston 25, Texas 

Casu, FLoyp L., Research Engineer, The Elgen 
Corp., 179 Parkhouse St., Dallas 7, Texas 

CHANEY, Ratpu D., Field Supervisor, Sun Oil 
Co., 600 Barron Bldg., Calgary, Alta., Canada 

Coins, ELMER L., Geophysicist, Midstates Oil 
Corp., 7th Floor Midstates Bldg., Tulsa 14, 
Okla. 

ConTINI, CaMILLo, Consulting Geophysicist, 
Agip—Mineraria, Via P. Lomazzo No. 2, 
Milano, Italy 

Dennis, G. W., Geophysicist, Egyptian-American 
Oil Co., Box 50, Alexandria, Egypt 

DEsAINT, R. H., Directeur, Compagnie Generale 
de Geophysique, 50 Rue Fabert, Paris, France 

Donner, M., Chef de lo Division Lab., Com- 
pagnie Generale De Geophysique, 50 Rue 
Fabert, Paris 7, France 

Dunn, THEODORE R., Geophysical Computer, c/o 
Sinclair Oil & Gas Co., 860 St. Charles Ave., 
New Orleans, La. 

Earbtey, A. J., DEAN, University of Utah, 220 
Mines, Salt Lake City, Utah 

Hatem H., Geophysicist, Union 
Producing Co., P.O. Box 1407, Shreveport, 
La. 

Euiott, Jess A., Jr., Geophysicist, Sinclair Oil 
& Gas Co., 1303 N. Delaware, Tulsa, Okla. 
FALLin, J. A., Geologist, Delhi-Taylor Oil Corp., 

316 Laurel St., McAllen, Texas 
FETROW, JOHN W., Development Engineer, Con- 


tinental Oil Co., Geophysical Section, Ponca 
City, Okla. 

Frotar, M. M., Vice President, Mountain Fuel 
Supply Co., P.O. Box 1129, Rock Springs, 
Wyo. 

Gunn, Harry L., Chief Computer, Cosden 
Petroleum Corp., 1809 Main St., Big Spring, 
Texas 

GuTIERRZ, D., Geophysicist, Petroleos Mexi- 
canos, Prol. Av. Eugenia 266, Col. Vertiz- 
Narvarte, Mexico, D.F. 

Guircuis, M., Geophysicist, Egyptian- 
American Oil Co., P.O. Box 50, Alexandria, 
Egypt 

Harrison, JAMES E., Party Geophysicist, Stano- 
lind Oil & Gas Co., 6243 Iris, Lake Charles, La. 

Hitt, Cuirrorp H., Jr., Seismic Computer, 
Texas Petroleum Co., Apartado 267, Caracas, 
Venezuela, S. A. 

Horn, H. S., Geologist, Crosby Lumber & Mfg. 
Co., General Delivery, Crosby, Miss. 

Howarp, Victor H., Jr., Geophysicist, Sinclair 
Oil & Gas Co., Box 521, Tulsa, Okla. 

Huot, G., Ingenieur, Compagnie Generale de 
Geophysique, 50 Rue Fabert, Paris, France 
Jones, Mark W., Sr. Physicist, The Ordnance 
Engineering Corp., P.O. Box 466, Rockville, 

Md. 

KE Harry L., Seismologist, Winfrey Ex- 
ploration Co., P.O. Box 755, Casper, Wyo. 
Krey, THEADOR C., Technical Manager, Seismog 
G.m.b.H., W. Buschstr. 4, Hannover, Ger- 

many 

LeMASNE, G., Engineer, Compagnie Generale de 
Geophysique, 96 Ave. Verdier, Montrouge 
(Seine), France 

Levy, Tuomas K., Area Geophysicist, The Carter 
Oil Co., Medical Arts Bldg., Elk City, Okla. 

MacQnown, W. C., Jr., Chief Geologist, Sohio 
Petroleum Co., 1300 Skirvin Tower, Oklahoma 
City, Okla. 

Mutts, Tuomas G., Supervisor, United Geophysi- 
cal Corp., Apartado #1085, Caracas, Venezuela 

MryaMuRA, SETUMI, Asst. Professor, Earthquake 
Research Institute, University of Tokyo, 
Hongo, Bunkyo-ku, Tokyo, Japan 
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Mot1vk, L. A., Seismologist, Delta Exploration 
Co., 12410—118 Ave., Edmonton, Alta., 
Canada 

NEUMANN, ROBERT, Gravity Chief, Compagnie 
Generale de Geophysique, 50 Rue Fabert, 
Paris, France 

PaxTON, OswALp, Sr. Observer, The Atlantic Re- 
fining Co., Box 2819, Dallas 1, Texas 

Pinson, R. Maxey, Geophysicist, Union Oil Co. 
of California, Union Oil Bldg., 619 W. Texas, 
Midland, Texas 

PowELL, CHARLES M., Jr., Asst. Director Train- 
ing Prog., Geophysical Service Inc., 5900 
Lemmon Ave., Dallas 9, Texas 

RACKETS, HuBert M., 2nd Geophysicist, The 
Carter Oil Co., P.O. Box 353, Riverton, Wyo. 

REED, R. W., Chief Geologist, El Paso Natural 
Gas, Box 1492, El Paso, Texas 

SHumway, GeorcE A., JR., Oceanographer, U. S. 
Navy Electronics Lab., San Diego 52, Calif. 

SLAGLE, WALTER J., District Geologist, Sunray 
Oil Corp., 1315 First Nat’] Bldg., Oklahoma 
City, Okla. 1 

SPINKS, JOHN, Seismologist, N.I.A.M., Dsambi, 
Badjubang, Sumatra, Indonesia 

SPENCE, JAMES F., Seismic Computer, Humble 
Oil & Refining Co., P.O. Box 1026, Browns- 
field, Texas 

SPRAGUE, H. L., Setsmograph Operator, c/o Gulf 
Oil Corp., Life of America Rldg., Ft. Worth, 
Texas 

SVANHOLM, JOHN W., Consulting Economic Geol- 
ogist, Mineral Resources Development Corp., 
Office of the Technical Advisers, Ministry of 
Mines, Rangoon, Burma 

Swart, Jacosus, Geophysicist, c/o B.P.C., Bas- 
rah, Iraq 

TAKEUCHI, Hitosut, Associate Prof., Geophysical 


Institute, Faculty of Science, Tokyo Univer- 
sity, Tokyo, Japan 

THOMPSON, ARTHUR V., Geophysical Inter preter, 
c/o Internation Petroleum Co., Apartado 
Aereo 3533, Bogota, Colombia, S. A. 

THOMPSON, JAMES G., Seismic Computer, Humble 
Oil & Refining Co., P.O. Box 232, Kingsville, 
Texas 

TOKARSKI, STANISLAW, Interpreter, c/o Canadian 
Gulf Oil Co., Box 130, Calgary, Alta., Canada 

VANDEYENTER, Ray B., Seismologist, Petty Geo- 
physical Engineering Co., 304 Mayo Bldg., 
Tulsa, Okla. 

WENDEER, A. P., Staff Geophysicist, Humble Oil 
& Refining Co., 802 Humble Bldg., Houston, 
Texas 


TRANSFER TO ACTIVE MEMBERSHIP 


Apamson, WM. H., Jr., Party Chief, Seismic Ex- 
plorations, Inc., 1001 East 39th St., Austin 5, 
Texas 

Brack, Rupotpu A., Geophysicist, U. S. Geo- 
logical Survey, Dept. of Interior, Geophysics 
Branch, Washington, D. C. 

DeaverR, W., Party Chief, Southern 
Geophysical Co., P.O. Box 12217, Ft. Worth, 
Texas 

Jameson, Joun A., Dist. Geophysical Supervisor, 
The Ohio Oil Co., 2315 Ryan, Lake Charles, La. 

Littey, CHArtEs C., Geophysical Computer, c/o 
Sinclair Oil & Gas Co., 860 St. Charles Ave., 
New Orleans, La. 

PARKER, Everett H., Jr., Party Chief, Mid- 
Continent Geophysical Co., 2509 West Berry, 
Ft. Worth, Texas 

WEGEMER, RICHARD L., Geophysicist, Canadian 
Gulf Oil Co., P.O. Box 130, Calgary, Allta., 
Canada 


NEW MEMBERS* 


ACTIVE 


ABBEY, G. E., 5507, Pari Owner & Mgr., Central 
Exploration Co., Inc., 2320 East Central Ave., 
Wichita, Kan. 

ALLEN, CHARLES F., 5509, Geologist, Stanford 
Research Institute, Stanford, Calif. 

ANTHONY, JAMES P., JR., 5607, Lab Engineer, 
General Geophysical Co., 2802 Post Oak Rd., 
Houston 19, Texas 


BEACH, JOHN H., 5609, Manager of Exploration, 
Oceanic Oil Co., 3120 Eighteenth St., Bakers- 
field, Calif. 

BEIQUE, Louis, 5511, Geophysicist, Barnes Ex- 
ploration Co., 229 Capitol Bldg., Midland, 
Texas 

Benisu, R. H., 5656, Geophysical Consultant, 
1985 South Fillmore, Denver 10, Colo. 

Berry, Donatp L., 5513, Computer, Phillips 
Petroleum Co., P.O. Box 647, Pratt, Kan. 


* Numbers after names are SEG Membership Numbers assigned in accordance with the So- 


ciety’s new record-keeping system. 
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BLAKELY, ROBERT F., 5514, Geophysicist, Indi- 
ana Geological Survey, 801 E. Atwater Ave., 
Bloomington, Ind. 

Boone, D., 5518, Geophysicisi, 529 Ft. 
Worth Nat’! Bank Bldg., Fort Worth 2, Texas 

BRINKSMEIER, GEORGE, 5483, Chief Geophysicist, 
Bodekerstr 36, Hannover, Germany 

Brown, GRAYDON L., 5657, Research Electronics 
Engineer, Continental Oil Co., 2100 John St., 
Ponca City, Okla. 

CALLENDER, Bitty R., 5522, Computer, The 
Texas Co., P.O. Box 744, Worland, Wyo. 

CLARK, VERNAL D., 5523, Vice-President, Taylor 
Exploration Co., Inc., 2118 Welch Ave., 
Houston 19, Texas 

CiinE, Dattas D., 5610, Engineer, Perforating 
Guns Atlas Corp., 3915 Tarp St., Houston, 
Texas 

D’Arcy, Date G., 5612, Party Chief, United 
Geophysical Co. of Canada, 531—8th Ave., 
W., Calgary, Alberta, Canada 

DELBRIDGE, J. D., 5529, Geophysicist, Shell Oil 
Co., 705 Culbertson, Oklahoma City, Okla. 

EncuisH, I. J. W., 5646, Party Chief, Canadian 
Exploration Co., Ltd., 9946 107 St., Edmon- 
ton, Alta., Canada 

FERGUSON, HENRY B., 5733, Head Geoph. Re- 
search Section, The Carter Oil Co., 2632 E. 
Third St., Tulsa, Okla. 

Grant, Coun K., 5615, Sr. Geophysicist, South 
Australian Dept. of Mines, 31 Flinders St., 
Adelaide, South Australia 

GREEN, WILLIAM W., 5659, Manager, Seismo- 
graph Service Corp., P.O. Box 562, Alexandria, 
Egypt 

GriveTTI, E. J., 5616, Party Chief, Continental 
Oil Co., 203 Carondelet Bldg., New Orleans, La. 

GuEDES, Sitvio 5617, Chief Geologist, 
Prospec, Levantamentos, Ave. General Josto, 
275 Bloco 13-A, Grupo 305, Rio de Janeiro, 
Brazil 

HarpDING, JouN H., 5539, Part Chief, Western 
Geophysical Co. of Canada, Ltd., 3203—25th 
St., S.W., Calgary, Alberta, Canada 

HavustavEN, A. J., 5540, Geophysicist II, The 
Carter Oil Co., P.O. Box 566, Minot, N. D. 

Hayes, Quin, 2232, Seismic Party Chief, Socony- 
Vacuum Oil Co., Box 1236, Bismarck, N. D. 

HoLpEN, WALTER, JR., 5618, Geophysicisi, 2003 
30th St., S.W., Calgary, Alta., Canada 

Jounson, J. H., 5648, Technical Supervisor, 
Century Geophysical Corp., P.O. Box 6216, 
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Pine Station, Tulsa 10, Okla. 

KriMBELL, CHARLES L., Electronic Engineer, Mc- 
Collum Laboratories, Inc., 728 E. 17th St., 
Houston, Texas 

Larson, G. D., Chief Geophysicist, Cosden 
Petroleum Corp., Box 1311, Big Spring, Texas 

Lawson, A. J., Jr., Party Chief, Nance Explora- 
tion Co., 2506 Robinhood St., Houston 5, 
Texas 

LEVIN, FRANKLYN KussEL, Physicist, The Carter 
Oil Co., Box 801, Tulsa, Okla. 

LiEVANO, JosEPH G., 5619, Seismologist, Com- 
pania Shell de Venezuela, Exploration Depart- 
ment, Apt. 19, Maracaibo, Venezuela 

LuetH, Cuinton A., 5691, District Geologist, 
American Republics Corp., 4829 Hazelton Dr., 
Pellaire, Texas 

Lusk, J. C., Geophysicist, Sinclair Oil & Gas Co., 
2306—West 32, Lubbock, Texas 

Mason, J. P., Vice-President, Montex Explora- 
tion Co., 1334 Republic Nat’] Bank Bldg., 
Dallas, Texas 

Massey, Roy W., Geophysicist, The Ohio Oil 
Co., Casper, Wyo. 

MATHIEU, JEAN LEON, Manager of Public Rela- 
tions, Societe De Prospection Electrique, 42 
rum St-Dominique, Paris 7e, France 

MITCHELL, ROBERT O., 5622, Division Geologist, 
Stanolind Oil & Gas Co., 400 Petroleum Bldg., 
Calgary, Alberta, Canada 

Monuotton, H. T., Supervisor, Dayton Ex- 
ploration Company, 422 1st National Bank 
Bldg., Denver, Colo. 

*Mor ey, L. W., 1797, Geophysicist, Box 137, 
Manotick, Ont., Canada 

NELSON, KENNETH E., Party Chief, Seismograph 
Service Corp., Box 1590, Tulsa, Okla. 

ParRACK, A. L., Electrical Engineer, The Texas 
Co., 5221 Holly, Bellaire, Texas 

Parsons, JESSE H., Geol.-Geoph. Coordinator, 
The Texas Co., 1409 Telegraph Ave., Bakers- 
field, Calif. 

Puiturps, GERALD C., 5624, Physicist, c/o 
Physics Department, Rice Institute, Houston, 
Texas 

PitcHer, TED, Head Draftsman, The Texas Co., 
P.O. Box 2332, Houston, Texas 

Quinn, C. J., Consultant, 1728 Carlisle Rd., 
Oklahoma City 16, Okla. 

RICHARDS, JOSEPH M., Sr. Engineer, Geophysical 
Measurements Corp., 804 Wright Bldg., Tulsa, 
Okla. 
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SAMUELS, GEORGE H., 5652, Area Geophysicisis, 
Shell Oil Co., Box 193, New Orleans, La. 

SAVAGE, P. J., 5627, Seismologist—P.C., Dis- 
covery Geophysical Ltd., 324—10 St., N.W., 
Calgary, Alberta, Canada 

SAWTELLE, DAN M., 5695, 371 Greenwood Ave., 
Littleton, Colo. 

SCHUCHARDT, GLYNN M., Sr. Geophysicist, P.O. 
Box 2411, Houston, Texas 

ScHULTE, WinsTON H., Party Chief, Robert H. 
Ray Co., P.O. Box 724, Paso Robles, Calif. 

SEAMAN, D. R., 5628, Supervisor, 2233 S. Rail- 
way, Regina, Sask., Canada 

Srypovx, A. E. R., President, Societe de Prospec- 
tion Electrique, 42 Rue Saint-Dominique, 
Paris 7e, France 

Srmmons, ALvIn E., Vice-President, Taylor Ex- 
ploration Co., Inc., 2118 Welch Ave., Houston 
19, Texas 

SKINNER, JOHN W., Jr., Gulf Oil Corp., P.O. 
Box 1290, Ft. Worth, Texas 

SLAVIN, MattHeEw, III, Supvor. Engg. Div'’n, 
United Geophysical Corp., 1200 S. Marengo 
Ave., Pasadena 5, Calif. 

SmiTH, STANLEY L., 5757, Regional Exploration 
Mrg., The Atlantic Refg. Co., P.O. Box 871, 
Midland, Texas 

Sparks, Barry M., Party Chief, Cities Service 
Oil Co., Bartlesville, Okla. 

SPECKHARD, W. H., c/o The British-American 
Oil Producing Co., Oil & Gas Bldg., Oklahoma 
City, Okla. 

SPEED, CARLETON, 5677, Independent Operaior, 
1315 Second National Bank Bldg., Houston, 
Texas 

STEPHENS, NorMAN R., Party Chief, Nance Ex- 
ploration Co., 1609—14th St. W., Calgary, 
Alberta, Canada 

Stone, E. T., Jr., 5653, Field Supervisor, 
Wm. M. Barret, Inc., 1431 Dalzell, Shreve- 
port, La. 

STUEVER, THEODORE J., Computer, Continental 
Oil Co., Box 233, Bridgeport, Texas 

SwISTEK, JOHN, Seismologist, Sun Oil Co., 600 
Barron Bldg., Calgary, Alberta, Canada 

TEMPLETON, HARVARD G., Computer, The Texas 
Co., Box 96, Big Lake, Texas 

THRALLS, WARREN H., 5662, Supervisor of Ex- 
ploration, Arabian American Oil Co., 505 
Park Ave., New York 22, N. Y. 

Watts, E., Deputy Exploration Mrg., 

Standard Oil Co., Room 2752, 30 Rockefeller 
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Plaza, New York 20, N. Y. 

Joe T., The Carter Oil Co., P.O. 
Box 120, Denver, Colo. 

Witiiams, Tuomas H., III, Party Chief, Repub- 

lic Exploration Co., Box 381, Midland, Texas 


TRANSFER TO ACTIVE 


AcrEY, Donatp O., Rayflex Exploration Co., 
6923 Snider Plaza, Dallas 5, Texas 

Apams, Hucu M., Jr., Party Chief, Reliable Geo- 
physical Co., Box 450, Yoakum, Texas 

ARMSTRONG, ARCHIBALD C., 3678, Party Chief, 
Canadian Gulf Oil Co., Box 130, Calgary, Al- 
berta, Canada 

Barkouky, AHMED Nasr EL, Geophysicist, 
A.E.O., P.O. Box 228, Cairo, Egypt 

BELL, GeorcE A., JR., Geophysicist, Sinclair Oil 
& Gas Co., 901 Fair Bldg., Ft. Worth, Texas 

BirGe, Georce J., Party Chief-Seismologist, 
United Geophysical Co., Caixa Postal 197, 
Natal, R.G.N., Brazil 

Benson D., Parity Chief, United Geo- 
physical Corp., Bin ““M,” Pasadena 15, Calif. 

BOHANAN, WAYNE ForRREST, 2517, Geophysicist, 
Gulf Research & Development Co., P.O. Box 
1242, Lourenco Marques, Mozambique 

J. G., Party Chief, Seismograph Serv- 
ice Ltd., Holwood, Keston, Kent, England 

CALLAHAN, JAMEs A., Seismic Party Chief, Ray- 
flex Exploration Co., 6923 Snider Plaza, 
Dallas, Texas 

Cook, EucENE T., Geophysicist, Oilwell Op- 
erators Limited, 2026—24 Ave., N.W., Cal- 
gary, Alta., Canada 

CoRNELL, JAMES R., 3309, Chief Computer, 
United Geophysical Corp., 4152 S. Colfax, 
Minneapolis, Minn. 

EsHELMAN, Harry S., Box 1590, Tulsa, Okla. 

GOUPILLAUD, PIERRE L., Research Geophysicist, 
Continental Oil Co., 209 S. 8th St., Ponca City, 
Okla. 

GRAHAM, FLoyp B., Seismic Computer, Humble 
Oil & Refining Co., P.O. Box 643, Lovington, 
N. M. 

Hamitton, J. J. S., Seismologist, Shell Oil Co., 
P.O. Box 100, Calgary, Alta., Canada 

Hastincs, E. S., Sun Oil Co., Vox 2851, Beau- 
mont, Texas 

HENDRIX, CLYDE E., Jr., Computer, Republic 
Exploration Co., P.O. Box 381, Midland, 
Texas 
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Oil Co., 4120 Sunflower St., Houston, Texas 

JEFFERIES, ROBERT L., Seismologisi, United Geo- 
physical Corp., Cut Bank, Mont. 

Katz, SAMUEL, Geophysicist, Stanford Research 
Institute, Stanford, Calif. 

KAuFMAN, HyMAN, Associate Professor, Math 
Department, Engineering Bldg., McGill Uni- 
versity, Montreal 2, Que., Canada 

KERNS, CLYDE W., Seismologist, Mobil Produc- 
ing Co., P.O. Box 1224, Billings, Mont. 

Krejci, James F., Geologist, The Texas Co., 
Box 2332, Houston, Texas 

Kurress, JAMES A., Seismologist, United Geo- 
physical Corp., 3011 6th Ave., N., Billings, 
Mont. 

Loyp, Epwarp R., Jr., Seismologist, Kelsey, 
McMullin & Rollins, 6923 Snider Plaza, Dal- 
las 5, Texas 

OrsINGER, ALBERT R., Earl Lipscomb Associ- 
ates, Box 8042, Dallas, Texas 

RICHARDSON, ALAN J., Seismologist, Mobil Prod. 
Co., P.O. Box 945, Dickinson, N. D. 

SCHNEIDER, Oscar R., Chief Geophysicist, Em- 
presa Nacional de Petroleo, P.O. Box 247, 
Punta Arenas, Chile, S. A. 

THIRKHILL, EDWARD R., Seismologist Party 
Chief, Shell Oil Co., P.O. Box 1761, Great 
Falls, Mont. 

Whitt, RayBurn H., Party Chief, Western Geo- 
physical Co. of Canada, 605A Second St., W., 
Calgary, Alberta, Canada 

Wits, Davip E., Party Chief, Keystone Ex- 
ploration Co., 2813 Westheimer Rd., Houston 
6, Texas 


ASSOCIATE 


_*ApaMs, ALFRED W., 5643, Geophysicist, Humble 
Oil & Refining Co., N-214 Humble Res. Bldg., 
Houston, Texas 

*ADAMS, VERNIE W., 5606, Seismic Computer, 
The Atlantic Refining Co., P.O. Box 2810, 
Dallas, Texas 

*ALLEN, RuicHarD C., 5510, Geophysicist, 
Petroleum Development Associates, 2510 
South Blvd., Houston 5, Texas 

*ANDREWS, STANLEY M., 5706, J. Exploration 
Geophysicist, Humble Oil & Refg. Co., Room 
251, Humble Bldg., Midland, Texas 

*ARMSTRONG, VARD, 5700, Seismologist, Shell 
Oil Co., Rm. 808, P.O. Box 2099, Houston, 
Texas 
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HEss1, WILLIAM R., JR., Asst. Seismologist, Shell 
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*ASHLEY, HAROLD A., 5608, Computer, California 
Standard Co., 7534—80 Ave., Edmonton, 
Alta., Canada 
*ASHMAN, JOHN L., 5655, Louisiana State Uni- 

versity, Box 5066, University Station, Baton 
Rouge, La. 

*BASHAM, WILLIAM LASSITER, 5444, Geologist- 
Geophysicist, Standard Oil Co. of California, 
Box 278, Oildale, Calif. 

*Batpwin, Ws. F. J., JRr., 5739, Geologist, c/o 
Richmond Exploration Co., Apartado 868, 
Caracas, Venezuela 

*BEALL, JOHN R., 5445, Asst. Computer, The 
Texas Co., P.O. Box 2332, Houston 1, Texas 

*BEAM, RICHARD ALLEN, 5682, Geophysical 
Technician, Chevron Oil Co., Box 711, Dal- 
hart, Texas 

*Biry, James J., 5486, Chief Computer, Seismo- 
graph Service Corp., P.O. Box 1590, Tulsa, 
Okla. 

*BLANKENSHIP, JOHN S., 5516, Seismic Computer, 
The Texas Co., P.O. Box 1493, Longview, 
Texas 

*BLounT, CHARLES W., 5517, Geologist, Wilson 
Exploration Co., 3327 Urban Ave., Santa 
Monica, Calif. 

*BLUBAUGH, NorMAN M., 5734, 2nd Computer, 
Geophysical Service Inc., Box 3472, Shreve- 
port, La. 

*Boyp, DARRELL W., 5519, Geologist, c/o Pure 
Oil Co., P.O. Box 1398, Billings, Mont. 

*BRADFORD, JOHN Y., 5683, Intermediate Geo- 
physicist, Stanolind Oil & Gas Co., Box 268, 
Lubbock, Texas 

*BRADLEY, ELBERT I., 5707, Observer, Precision 
Exploration Co., Box 95, Chillicothe, Texas 

*BrapsHaw, C. W., 2nd Computer, 5741, Geo- 
physical Service, Inc., Box 3472, Shreveport, 
La. 

*BRANDT, HARRY, 5701, Research Engineer, Cali- 
fornia Research Corp., P.O. Box 446, La 
Habra, Calif. 

*BRANTLEY, ROBERT N., 5639, Safety Supervisor, 
Gulf Oil Corp., P.O. Drawer 2100, Houston 1, 
Texas 

Brooks, W. M., 5446, Branch Mgr., Engineering 
Supply Co., 4569 So. Jamestown, Tulsa, Okla. 

*BROWN, RICHARD W., 5708, 2nd Computer, 
Geomarine Service Intl. Inc., P.O. Box 3472, 
Shreveport, La. 

*Burk, NoeEt C., 5520, Party Chief, General 

Geophysical Co., Greeley, Colo. 
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*ByNnuM, WINFRED WILSON, 5521, Vice-Presi- 
dent—Sales, Hycalog Inc., Box 1096, Shreve- 
port, La. 

*CaRNEY, Homer C., 5658, Geophysical Trainee, 
Sohio Petroleum Co., 2223 Kipling Apt. 1-C, 
Houston, Texas 

*CHRISTMAN, L. R., 5684, Seismic Compuler, 
United Geophysical Corp., 831 E. Cypress 
Ave., Burbank, Calif. 

*CLYNCH, FRANK, 5450, Test Engineer, Con- 
tinental Oil Co., 500 S. roth, Ponca City, 

F Okla. 

*COFFMAN, RICHARD C., 5742, Computer, Gulf 
Oil Corp., Box 661, Tulsa, Okla. 

*CoLuiER, M. E., 5672, Geophysical Computer, 
Sohio Petroleum Co., P.O. Box 2007, Midland, 
Texas 

*ConLey, WittiAM F., 5709, Seismic Operator, 
Humble Oil & Refining Co., P.O. Box 48, Red 
Bluff, Calif. 

*CoopeR, EpwarpD P., JR., 5735, Seismologist, 
c/o Shell Oil Co., Box 193, Exploration Dept., 
New Orleans, La. 

*COSGROVE, BERNARD J., 5743, Exploration Geo- 
physicist, Humble Oil & Refining Co., 717 
Pine St., Red Bluff, Calif. 

*CowaN, Davip ANDRE, 5524, Compuler, c/o 
Party 19, United Geophysical Corp., Box 36, 
Starkville, Miss. 

*CowlE, CHARLES, JR., 5611, 2nd Computer, 
Geophysical Service Inc., General Delivery, 
Laurel, Miss. 

*CRAWFORD, THOMAS H., Jr. Exploration Geo- 
physicist, Humble Oil & Refining Co., P.O. 
Box 72, Marianna, Fla. 

*CRITCHFIELD, TED E., 5526, Geophysicisi, Stano- 
lind Oil & Gas Co., 163 N. Wilson, Casper, 
Wyo. 

*Curtis, A. L., 5685, Computer, Donnally Ex- 
ploration Co., Box 129, Magee, Miss. 

*Davip, Roy B., 5527, President, Allied Heli- 
copter Service, Inc., Brown Airport, R.F.D. 
#2 Hangar #7, Tulsa, Okla. 

*Davis, RoBert T., 5451, Chief Computer, 
Robert H. Ray Co., 624 Broadway, Chico, 
Calif. 

*DEIBERT, DONALD H., 5528, Computer, The 
Texas Co., Box 1720, Ft. Worth, Texas 

*DEJARNETT, PRESLEY L., 5744, Geologist, Ohio 

Oil Co., P.O. Box 567, Coalinga, Calif. 

*DESANTO, JAMES F., 5673, Computer, Geophysi- 
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cal Service Inc., 5900 Lemmon Ave., Dallas, 

Texas 

*Drxon, LAURENCE E., Party Chief, 5613, c/o 
Geophysical Service, Inc., Peace River, Al- 

berta, Canada 

*Dorr, JOHN A., 5452, Jr. Geologist, Socony 
Vacuum Oil Co. of Venezuela, Apartado 246, 
Caracas, Venezuela 

*DRESSLER, GENE H., 5453, Jr. Seismologist, 
Pure Oil Co., 1410 City Nat’l Bank Bldg., 
Houston, Texas 

*EARTHMAN, JAMES C., 5614, Research En- 
gineer, The Carter Oil Co., 1133 N. Lewis, 
Box 801, Tulsa, Okla. 

*EaTON, Fay L., JR., 5454, Jr. Geophysicist, c/o 
The Carter Oil Co., Box 353, Riverton, Wyo. 

G., 5674, Asst. Seismic Computer, 
Humble Oil & Refining Co., Box 6702, Hous- 
ton 5, Texas 

*EMBREE, PETER, 5489, Com puler, c/o Geophysi- 
cal Service Inc., Box 2091, Odessa, Texas 

*ENGLEBRIGHT, WILLIAM R., 5645, Sr. Geophysi- 
cist, Stanolind Oil & Gas Co., P.O. Box 268, 
Lubbock, Texas 

*Farrow, Mart O., 5531, Jr. Exploration Geo- 
physicist, Humble Oil & Refining Co., Box 97, 
Perryton, Texas 

*Feist, WILEY R., 5686, Asst. Seismic Com- 
puter, Humble Oil & Refining Co., Box 2025, 
Tyler, Texas 

*FELICE, FRANK J., 5532, Computer, The Cali- 
fornia Co., P.O. Box 1277, Bismarck, N. D. 

*FeLIx, CHARLES P., 5455, Party Chief, Gulf Oil 
Corp., P.O. Box 968, Ardmore, Okla. 

FLower, Louis G., 5710, Chevron Oil Co., 516— 
3rd Ave., S., Party #3, Lethbridge, Alta., 
Canada 

*Forp, WAYNE T., 5702, Geophysical Computer, 
c/o Sohio Petroleum Co., P.O. Box 13176, 
Houston 19, Texas 

*FosTER, FRANK, 5456, Asst. Geophysicist, Gulf 
Refining Co., P.O. Drawer 2100, c/o Mr. 
W. B. Lee, Houston 1, Texas 

*FOWLER, WILLIAM C., 5457, Jr. Geophysicis!, 
Shell Oil Co., P.O. Box 1509, Midland, Texas 

*FRAZIER, THOMAS H., Jr., 5459, Computer, 
The Texas Co., P.O. Box 2332, Houston 1, 
Texas 

*FuLton, Tuomas K., 5533, Seismologist, Geo- 
physical Service, Inc., Box 141, Denton, Texas 

*GARNER, ROBERT E., Geophysicist, The Califor- 

nia Co., Box 1093, Minot, N. D. 
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*GERVAN, RICHARD H., 5642, 1817 Virginia St., 
Berkeley, Calif. 

*GOLOSOVKER, S., 5745, Picking Records, West- 
ern Geophysics, 532 Balbao Bldg., Santa Bar- 
bara, Calif. 

*GREEN, WiLBuR E., 5687, Chief Computer, 
Western Geophysical Co. of America, Box 
1406, New Orleans, La. 

*GREENE, THOMAS R., 5534, Chief Computer, 
Western Geophysical Co. of America, P.O. 
Box 122, Mendenhall, Miss. 

*GREGORY, RICHARD R., 5535, Computer, Ply- 
mouth Oil Co., Box 784, Sinton, Texas 

*HALL, Ernest M., JR., 5537, Partner, Associ- 
ated Instruments, 7073 Yale St., Houston 7, 
Texas 

*Hamoons, REVE H., Jr., 5538, Computer, Geo- 
physical Associates, Box 190, Athens, Texas 

*Hampson, ARNOLD G., 5460, Party Chief, Inter- 
mountain Exploration Co., Box 319, Casper, 
Wyo. 

*Harms, WILLIAM, 5688, Geophysicist, The Cali- 
fornia Standard Co., 302 Glengarry Block, 
Saskatoon, Sask., Canada 

*HARTMAN, RONALD R., 5689, Geologist, Aero 
Service Corp., 210 E. Courtland St., Philadel- 
phia 20, Pa. 

*HaTTon, WILLIAM T., 5690, Party Chief, c/o 
Independent Exploration Co., 208 Dominion 
Bank Bldg., Calgary, Alta., Canada 

*Hawkins, Tuomas I., 5763, Seismic Computer, 
United Geophysical Corp., P.O. Box 223, 
Thibodaux, La. 

*Hicks, WARREN G., 5492, 2122 Ruea, Grand 
Praire, Texas 

*HILBURN, JAMES O., 5542, Sr. Geophysicist, 
Stanolind Oil & Gas Co., 2704—33rd St., 
Lubbock, Texas 

*Hovey, RicHARD DEAN, 5647, Geologist-Geo- 
physicist, c/o Standard Oil Co. of California, 
Box 278, Oildale, Calif. 

*Hryyor, WILLIAM, 5543, Seismic Computer, 
Geophysical Service Inc., Party 450, Peace 
River, Alta., Canada 

*Husum, CHARLES J., 5746, Jr. Geophysicist, 
c/o Technical Services Div., Shell Oil Co., 
Box 2099, Houston 1, Texas 

*Icou, D. L., Jr. Geophysicist, Cities Service Oil 
Co., P.O. Box 896, Lovington, N. M. 

*Isaacs, KALMAN N., Geologist, Aero Service 
Corp., 8439 Forrest Ave., Philadelphia 19, Pa. 

*Iviz, Fioy L., Jr. Geophysicist, Shell Oil Co., 


1901 Main Ave., Durango, Colo. 

*JACKSON, ERNEST J., 5640, Interpreter, Farney 
Exploration Co., 830—8th Ave., W., Calgary, 
Alberta, Canada 

*JouN, FreD SAMUEL, Computer, Seismic Ex- 
plorations, Inc., P.O. Box 729, Jennings, La. 

*JOHNSON, R. F., Chief Computer, National Geo- 
physical Co., Inc., Box 375, Glenns Ferry, 
Idaho 

*JoKERST, NorMAN P., 5747, Geophysicist, En- 
gineer Research & Development Labs., The 
Engineer Center, Ft. Belvoir, Va. 

*Jupson, Davin, 5737, Geologist, Stand- 
ard Oil Co. of California, 411 Mar Vista, 
Pasadena 4, Calif. 

*KEeRSEY, LUTHER S., Jr., Computer, c/o Western 
Geophysical Co., P.O. Box 1406, New Orleans 

Kine, F., 5711, Seismologist, Western Geo- 
physical Co. of America, P.O. Box 1406, New 
Orleans 5, La. 

*LAPOINTE, ALFRED E., Seismologist-Party Chief, 
Shell Oil Co., 430 S. Buchanan St., Lafayette, 
La. 

*LaRA, ROLANDO, Seismograph Computer, Chev- 
ron Oil Co., 3800 W. Alabama, Houston, 
Texas 

*LazENBY, P. G., 5655, Observer, Seismograph 
Service Ltd., Holwood-Keston, Kent, England 

*Lewis, GEORGE W., 5748, Computer, United 
Geophysical Corp., P.O. Box 734, Orange, 
Texas 

*Licut, D. L., Oil Investments, P.O. Box 1291, 
Fargo, N. D. 

*Linke, WittiaM A., 5738, Geophysicist, Cali- 
fornia Standard Co., 302 Glengarry Blk., 
Saskatoon, Sask., Canada 

*LISHMAN, JOHN R., Geophysicist, The California 
Standard Co., Room 204 Union Bus Depot, 
Edmonton, Alta., Canada 

*LLoyp, CLAUDE I., 5620, Party Chief, General 
Geophysical Co., 53283 Franklin Ave., New 
Orleans, La. 

*MACFADYEN, DONALD A., 5621, General Opera- 
tions Manager, Prospec S. A. Avenidal Gal., 
Justo 275, Grupo 305, Rio de Janeiro, Brasil 

*MANLY, RoBERT L., JR., 5749, Geologist, Stand- 
ard Oil Co. of California, P.O. Box 2437, Ter- 
minal Annex, Los Angeles 54, Calif. 

*Mason, W1x1AM V., Jr. Exploration Geophysi- 
cist, Humble Oil & Refining Co., Box 97, 
Perryton, Texas 
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*MASTERMAN, Davip S., Asst. Seismic Com- 
puter, Humble Oil & Refining Co., Box 6702, 
Houston 5, Texas 

*MaTuHIEv, Paut G., 5755, Party Chief, Seismo- 
graph Service Corp. of Venezuela, Apdo. 1488, 
Caracas, Venezuela 

*McBEATH, RosBert G., Party Chief, Geophysi- 
cal Service International Corp., 706 Ninth 
Ave., W., Calgary, Alta., Canada 

*McCormack, J., Geophysicist, Cali- 
fornia Standard Co., 1824 Osler St., Regina, 
Sask., Canada 

*McINERNY, J. W., Computer, Petty Geophysical 
Engineering Co., Box 2061, San Antonio, 
Texas 

*Mesicos, MarcELo G., Geologist, c/o Socony 
Vacuum Oil Co. of Venezuela, Apartado 246, 
Caracas, Venezuela 

*MiseER, H. T., Chief Computer, Burton Explora- 
tion Co., Inc., P.O. Box 2186, Midland, Texas, 

*MITCHELL, THomas W., Party Chief, Western 
Geophysical Co. of America, Box 487, Taft, 
Calif. 

*MOLENAAR, JOSEPH P., 5675, Operator, Sun Oil 
Co., Box 1348, Petroleum Bldg., Tulsa, Okla. 

*Moopy, Roserr C., Engineer, Techno Instru- 
ment Co., 6670 Lexington Ave., Los Angeles 
38, Calif. 

*MortTER, DONALD M., Computer, c/o The Atlan- 
tic Refining Co., P.O. Box 412, Sulphur, La. 
*MULLINS, JOHN E., 5693, Computer, Geophysi- 
cal Service Inc., 129 W. Hampton Way, 

Fresno 4, Calif. 

*Nay, Vircit D., 5649, Computer, Chevron Oil 
Co., General Delivery, Laramie, Wyo. 

*ORLANSKY, RALPH, 5650, Geophysical Trainee, 
The Texas Co., Box 1458, Palacios, Texas 

*PaicE, Davw S., 5666, Jr. Seismic Inter preter, 
Socony-Vacuum of Venezuela, Apartado 246, 
Caracas, Venezuela 

*PayNE, WILLIAM E., 5660, Jr. Exploration 
Geophysicist, Humble Oil & Refining Co., 
Houston, Texas 

*PEACOCK, JAMES J., Geophysicist, Gulf Oil Corp., 
P.O Box 785, Hobbs, N. M. 

*PEREIRA, JOSE M., 5751, Seismologist, United 
Geophysical Co., Apartado 1085, Caracas, 
Venezuela 

*PERKINS, GEORGE R., Asst. Geophysical Inter- 

preter, The Carter Oil Co., P.O. Box 1739, 

Shreveport, La. 

*PERRYMAN, CHARLES G., Asst. Party Chief, 
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Empire Geophysical, Inc., P.O. Box 614, 

Vernal, Utah 

*PERSSE, FRANKLIN H., 5623, Sales-Serviceman, 
Hercules Powder Co., 505 So. Canosa St., 
Denver 19, Colo. 

*Puitiips, ALAN J., 5651, Jr. Geophysicist, c/o 
Shell Oil Co., P.O. Box 186, Edmonton, Alta., 
Canada 

*PmERIT, RICHARD L., 5625, Chief Computer, 
Tower Exploration Inc., P.O. Box 11, Stras- 
burg, Colo. 

*PLouFF, DONALD, 5712, Geophysicist, U. S. Geo- 
logical Survey, P.O. Box 360, Grand Junction, 
Colo. 

*POINDEXTER, JOE L., Sales Mgr., Advanced 
Exploration Co., Inc., 3732 Westheimer Rd., 
Houston, Texas 

*Price, JAMEs A., Party Chief, c/o Independent 
Exploration Co., P.O. Box 13237, Houston 109, 
Texas 

*PRIESTER, WILLIE C., Computer, Western Geo- 
physical Co. of America, 408 Fairfield Bldg., 
1600 Fairfield, Shreveport, La. 

*REED, BRATTIE G., Geophysical Computer, Seis- 
mic Explorations, Inc., P.O. Box 13057, 
Houston 19, Texas 

*REED, LANEY G., Geophysical Computer, Sohio 
Petroleum Co., Box 359, Casper, Wyo. 

*REEDY, ROBERT D., Geophysicist, Western Gulf 
Oil Co., Box 1392, Bakersfield, Calif. 

*REID, GiBBoNn C., Party Chief, Petroleum Geo- 
physical Co., P.O. Box 362, Riverton, Wyo. 
*REYNOLDS, Pat, Computer, Geomarine Inter- 
national Inc., 5900 Lemmon Ave., Dallas, 

Texas 

*RICHARDSON, DANIEL W., JR., 5626, Jr. En- 
gineer, Mobil Producing Co., P.O. Box 145, 
Wheat Ridge, Colo. 

*RiLEy, Louis ELtswortu, Seismologist, Shell 
Oil Co., 13163 Lafayette St., Lafayette, La. 
*RIMMER, WILLIAM G., Computer, c/o Geophysi- 
cal Associates of Canada, 536 8th Ave., W., 

Calgary, Alberta, Canada 

*RODGERS, JOSEPH P., Surveyor, The Atlantic 
Refining Co., Geophysical Section, P.O. Box 
2819, Dallas, Texas 

*ROGERS, JAMES W., Party Chief, The Texas Co., 
P.O. Box 1296, Seminole, Texas 

*ROGERS, SAM R., 5703, Geologist, Sohio Petrole- 
um Co., Box 380, Pauls Valley, Okla. 

*ROLNICK, LEONARD S., 5752, Geophysicist, 49— 

10 Enfield Pl., Bayside 64, New York, N. Y. 
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*RUBENOK, ROBERT R., 5661, Computer, Geo- 
physical Service International Corp., Peace 
River, Alberta, Canada 

*RUNGE, RICHARD J., Research Engineer, Stano- 
lind Oil & Gas Co., Research Center, Tulsa, 
Okla. 

*SCHILDKRAUT, JACK, Geophysicist, Humble Oil 
& Refining Co., P.O. Box 2180, Houston, 
Texas 

*SCHLEINICH, JOHN F., 5713, Jr. Interpreter, 
Socony-Vacuum Oil Co. of Canada Ltd., 
Swift Current, Sask., Canada 

*ScuREUR, Harm K., 5714, Geophysical Trainee, 
Gulf Oil Corp., Box 1290, Ft. Worth, Texas 

*SEARS, WILLIAM Eart, T. L. Jones Co., Inc., 
Box 134, Ruston, La. 

*SERGIADES, FRANK R., 5753, Resident Geologist, 
Geology Dept., De Beers Consolidated Mines 
Ltd., P.O. Box 616, Kimberley, South Afria 

*SHARP, JOHN H., Computer, Plymouth Oil Co., 
Box 968, Sinton, Texas 

*SHELHAMER, LERoy C., 5676, Computer, Seis- 
mic Explorations, Inc., 7502 Janak Dr., Hous- 
ton, Texas 

*SHELL, W. E., Party Chief, Seismic Exploration, 
Inc., P.O. Box 13057, Houston 19, Texas 

*SHEPPERD, WILLIAM MarsuH, Geophysicist, 
Petroleum Development Associates, 2510 
South Blvd., Houston, Texas 

*Suin, Davp, C. C., Computer, Empire Geo- 
physical, Inc., P.O. Box 485, Lovington, N. M. 

*Simpson, EpwarpD B., Research Technologist, 
Magnolia Petroleum Co., Box goo, Dallas 

*SmiTH, GLENN C., 5694, Geophysical Trainee, 
The Texas Co., P.O. Box 755, Perryton, Texas 

*Stroup, WILLIAM C., Jr., Party Chief, Na- 
tional Geophysical Co., Inc., P.O. Box 8, 
Denver 8, Colo. 

*TaRINO, CHARLES A., Chief Computer, National 
Geophysical Co., Inc., Box 1325, Hobbs, N. M. 

*THompson, H. L., JRr., 5715, Party Chief, Seis- 
mic Exploration, Inc., P.O. Box 13057, Hous- 
ton 19, Texas 

*TITLEY, SPENCER R., 5716, Geologist, The New 
Jersey Zine Co., Box 42, Gilman, Colo. 

*TooLt, MyrTLeE ALICE, 5629, Computer, Shell 
Oil Co., Box 1509, Midland, Texas 

*TyrocH, HENRY A., 5641, Computer, The Texas 
Co., Route 4, Temple, Texas 

*UNDERHILL, BurTON C., 5678, Computer, Geo- 
physical Service Inc., 2220 Brentwood St., 
Denver 15, Colo. 


*UNDERWOOD, DALE W., 5756, Sales Mgr.—Vice 
Pres., Texas Powder Co., 3005 Oak Grove 
Ave., Dallas, Texas 

*VanceE, T. B., Geologist, Panhandle Eastern Pipe 
Line Co., Box 512, East Lansing, Mich. 

*Van DER MUELEN, H. R., 5692, Computer, 
Accurate Exploration Ltd., 2201—10 Ave., 
W., Calgary, Alta., Canada 

*Van WYNEN, JacoBus C., 5663, Seismologist, 
Compania Shell De Venezuela, Apartado 109, 
Maracaibo, Venezuela 

*WAGONER, ROBERT E., 5664, Seismologist, Shell 
Oil Co., Box 252, Powell, Wyo. 

*WeBB, JOHN P., Lecturer in Geophysics, Uni- 
versity of Queensland, Department of Geol- 
ogy, Brisbane, Queensland, Australia 

*Wess, Tuomas R. B., 5740, Chief Computer, 
Chevron Oil Co., 516—3rd Ave., S., Leth- 
bridge, Alta., Canada 

*WERTH, GLENN ConraD, Research Physicist, 
The California Research Corp., La Habra, 
Calif. 

*Wittiams, A. Paul, 5717, Asst. Engineer, 
Houston Technical Labs., 1224 Demaret Lane, 
Houston, Texas 

*WittiaMs, HucH W., Computer, c/o Seismo- 
graph Service Ltd., Holwood, Keston, Kent, 
England 

*WitiiaMs, JAMES L., 5704, Sales Engineer, 
Houston Technical Labs., 2424 Branard, 
Houston 6, Texas 

*WILSON, JOHN W., 5745, Marketing Coordinator, 
Geophysical Service Inc., 5900 Lemmon Ave., 
Dallas 9, Texas 

*WINTER, LAUREL Q., 5718, Seismic Observer, 
Magnolia Petroleum Co., P.O. Box 3205, 
Baton Rouge 5, La. 

*YorsTon, Howarn J., Seismic Interpreter, The 
Carter Oil Co., P.O. Box 661, Magnolia, Ark. 

*ZILIK, Roy P., Computer, Seismic Explorations, 
Inc., Box 597, Watford City, N. D. 


TRANSFER TO ASSOCIATE 


*BERG, JOSEPH W., JR., 4048-4, Asst. Professor, 
University of Utah, Dept. of Geophysics, Salt 
Lake City, Utah 

*Brys, EUGENE CHARLES, 4048-11, Jr. Geophysi- 
cist, Shell Oil Co., 5067, Linden Wood Ave., 
St. Louis 9, Mo. 

*Davitt, WILLIAM A., 4048-17, Asst. Hydrogra- 
pher, U.S.S. Tanner (AGS-15), c/o Fleet P.O., 
New York, N. Y. 
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*FEFER, JOSEPH M., 5089, Computer, Western 
Geophysical Co., Box 1406, New Orleans 5, 
La. 

*FOWLES, RICHARD, G. 4798-18, Research Geo- 
physicist, Research Dept., Phelps Dodge 
Corp., Douglas, Ariz. 

*FRISCHHNECHT, FRANK C., 4084-24, Geopliysi- 
cist, U. S. Geological Survey, Gunnison, Utah 

*HARRISON, WILLIAM A., 2nd Computer, 4048-30, 
c/o Geophysical Service Inc., Party 314, 5900 
Lemmon Ave., Dallas 9, Texas 

*LOMMEN, RoBeErtT H., Jr. Seismologisi, Shell Oil 
Co., 1008 W. 6th St., Los Angeles 17, Calif. 

*Rao, V. BuasKaRA, Research Fellow, Depart- 
ment of Geophysics, Sydney University, Syd- 
ney, Australia 

*ROBINSON, ENDERS A., 4798-50, Geophysicist, 
Gulf Research & Development Co., P.O. 
Drawer 2038, Pittsburgh 30, Pa. 

*SaBITAY, AL, Seismic Compuler, Geophysical 
Service Inc., Box 1177, Dhahran, Saudi Arabia 

*SCHEFFEY, Pau L., 4798-53, Asst. Computer, 
Geophysical Section, Drawer 1267, Con- 
tinental Oil Co., Ponca City, Okla. 

*Scuppay, Epwin R., 2758-12, Party Chief, Shell 
Oil Co., Box 845, Roswell, N. M. 

*WoLF, MARVIN A., 3097-20, Physicist, Mid- 
west Research Institute, 425 Volker Blvd., 
Kansas City 11, Mo. 


STUDENT 


#ADAMSON, ROBERT C., 5508, S/udent, Colorado 
School of Mines, 115 roth St., Golden, Colo. 
#ASSITER, EDWARD J., 5485, Student, Oklahoma 
University, 540 C Sooner Dr., Norman, Okla. 

#BEHRENDT, JOHN C., 5688, University of Wis- 
consin, Geology Dept., Science Hall, Madison, 
Wis. 

#BENNETT, WESLEY B., 5667, University of 
Oklahoma, 1010} Trout St., Norman, Okla. 
#BiuM, CLEMENT J., 5669, Colorado School of 

Mines, torr 12th St., Golden, Colo. 
#BRATTON, ROBERT H., 5487, Colorado School 
of Mines, 1829 Humboldt St., Denver 18, 
Colo. 
#BUCKNELL, ROBERT I., 5631, Colorado School 
of Mines, 910 13th, Golden, Colo. 

#CANNON, EMERSON T., 5447, University of 
Utah, 1579 Sigma #9, Salt Lake City, Utah 
#CorBETT, JOHN D., 5632, Colorado School of 

Mines, 2312 East St., Golden, Colo. 
#Desat, K. P., 5530, Colorado School of Mines, 
P.O. Box 342, Golden, Colo. 
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#FERGUSON, JOHN D., 5728, Texas Western Col- 
lege, 210 Hudspeth Hall, El Paso, Texas 

#GILLILAND, Don T., 5720, Texas Western Col- 
lege, Hudspeth Hall, El Paso, Texas 

#GRANT, WILLIAM D., 5719, Texas Western Col- 
lege, Worrell Hall, El Paso, Texas 

#GRAY, PETER G., 5721, Texas Western College, 
Box 135, El Paso, Texas 

#GREENHAGEN, KENNETH L., 5638, Chevron Oil 
Co., 1320 S. B St., Arkansas City, Kan. 

#GRINE, DONALD R., M.I.T., 318 Westgate, W., 
Cambridge 39, Mass. 

#Hamric, Burt C., 5729, Texas Western Col- 
lege, 205 Hudspeth Hall, El Paso, Texas 

#HARVEY, WILLIAM L., 5670, Colorado School 
of Mines, 1390 Vance St., #8, Lakewood, Colo. 

#HAvuBRICH, RICHARD A., JR., 5633, University 
of Wisconsin, 148 E. Gorham St., Madison, 
Wis. 

#HAUvSCHILD, Luis W., 5490, Lehigh University, 
307 Richards House, Bethlehem, Pa. 

#Hirscu, Harry R., 5722, Texas Western Col- 
lege, 3706 Porter, El Paso, Texas 

#House, Lewis L., 5494, Colorado School of 
Mines, 2100 Willow St., Golden, Colo, 

#KoGER, RoBert G., 5730, New Mexico Insti- 
tute of Mining & Tech., Box 196, Campus 
Station, Socorro, N. M. 

#Kovacw, Rospert L., Colorado School of 
Mines, 1806 Ardoahoe, Golden, Colo. 

LEBLANC, REv. GABRIEL, S.J., St. Louis Uni- 
versity, 221 N. Grand, St. Louis 3, Mo. 

#LIVELY, Bitty D., 5723, Texas Western College, 
4335 Mesa Rd., El Paso, Texas 

#MateER, RoBert H., 5725, Texas Western Col- 
lege, 310 Hudspeth Hall, El] Paso, Texas 

#MERCADO, EDWARD J., 5696, Rensselaer Poly- 
technic Institute, Clement Dorm., Sage Ave. 
R.P.I., Troy, N. Y. 

#MYERS, RicHARD L., University of Utah, 209 
Douglas St., Salt Lake City 2, Utah 

#OmarR, ALI, 5679, Colorado School 
of Mines, P.O. Box 481, Golden, Colo. 

#POWELL, Jimmy WayNE, Texas Western Col- 
lege, Hudspeth Hall, El] Paso, Texas 

#RAYFIELD, WAYNE F., Lehigh University, Sig- 
ma Nu, Bethleham, Pa. 

#RotH, Joun A., 5697, New Mexico Institute of 
Mining & Tech., Box 133, Campus Station, 
Socorro, N. M. 

#SCALES, JOE H., 5726, Texas Western College, 
308 Hudspeth Hall, El Paso, Texas 

#SCHERRER, ROBERT F., 5634, St. Louis Uni- 
versity, 8764 New Hampshire, Affton 23, Mo. 
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#SCHNEPFE, ROBERT N., 5671, Colorado School 
of Mines, Beta House, Golden, Colo. 
#SLoucH, Davp A., 5680, Stanford University, 
1934 Capitol Ave., Palo Alto, Calif. 
#SpecuT, G. W., 5635, 102 Valverde St., Bren- 
ham, Texas 
#SPINNEY, RoBERT E., University of Toronto, 
3 Wellesley Ave., Toronto, Ont., Canada 
#STAUDER, WILLIAM V., S.J., St. Louis Univer- 
sity, 221 N. Grand Blvd., St. Louis 3, Mo. 
#TAyYLoR, SAMUEL G., JR., 5636, Stanford Uni- 
versity, Geophysics Dept., Stanford, Calif. 
#THOMPSON, JEE A., 5731, Texas Western Col- 
lege, 1500 Montana St., El Paso, Texas 
#THORNSON, JAMES D., Osage, Wyo. 
#WATSON, ROLOERT J., 5637, Pennsylvania 


State University, Box 214 A. R.D.I., Belle- 
fonte, Pa. 

#WERSHAW, ROBERT L., 5727, Texas Western 
College, 707 East Yandell, El Paso, Texas 

#WEsT, FRANcIs G., 5698, New Mexico Institute 
of Mining & Tech., Box 134, Campus Station, 
Socorro, N. M. 

#WitHRow, Put C., 5699, University of Okla- 
homa, 536 S. University Blvd., Norman, Okla. 

#Wricut, Donatp E., 5732, University of Al- 
berta, 8767—96th Ave., Edmonton, Alta., 
Canada 

#Wricut, RocER M., University of Oklaho 
437 S.W. 54, Oklahoma City, Okla. £ 

#Wu tr, GEorGE RICHARD, S. Dakota School’of 
Mines & Tech., Box 403, Rapid City, S. D. 


MEETINGS 


REPORT ON OIL FINDERS’ CONVENTION, HOTEL STATLER, 
NEW YORK, NEW YORK, MARCH, 1955 


The Society of Exploration Geophysicists met with the American Association of Petroleum 
Geologists and the Society of Paleontologists and Mineralogists in New York City, March 28-31. 

The SEG presented thirteen papers of general interest to geophysicists and geologists on Monday, 
March 28. No sessions were scheduled by AAPG and there was a large attendance by geologists at 
both the morning and afternoon sessions. 

Tuesday morning was a joint session for the members of AAPG-SEG-SEPM and their guests. 
The featured speaker was Mr. Robert B. Anderson, United States Deputy Secretary of Defense. 
Presidential addresses were delivered by Paul L. Lyons, President of SEG; Hans E. Thalmann, 
President of SEPM; and Edward A. Koester, President of AAPG. President Lyons presented Ben F. 
Rummerfield, Tulsa, Oklahoma, with the SEG award for the best technical paper in 1954. 

Seven technical papers on mining geophysics were presented in the SEG session Tuesday after- 
noon. 

Wednesday morning, seven papers were presented on geophysical logging and seismic velocity. 
The SEG technical sessions concluded Wednesday afternoon with eight papers on new geophysical 
methods and research. 

The AAPG program for Thursday was designed to interest geophysicists, and a field trip was 
conducted to Lamont Geological Observatory Thursday afternoon. 

Abstracts of the thirty-five papers presented at the SEG sessions appeared in the April issue of 
Gropuysics. The work involved in the preparation and presentation by the authors and presiding 
officers was sincerely appreciated by the Convention Committee. 

The attendance far exceeded all expectations. A total of 550 SEG members were registered. The 
total convention registration was 3,784 which included 1,041 wives who came to, and did, see... 
Broadway. No preliminary audit is yet available but the financial success of the meeting was assured 
by the exhibitors and a very enjoyable and overly-attended dinner dance. 

Many people contributed generously of their time to make this final joint meeting of AAPG- 
SEG-SEPM a memorable one. General Chairman G. M. Knebel and Vice-Chairman Robert E. King, 
with the aid of their committeemen, did a fine job of organization and direction. Mr. Robert H. Dott 
and Dr. E. W. Ellsworth of AAPG Headquarters were responsible for many of the intricate details 
of arrangements which caused the entire proceedings to run very smoothly. Your Chairman wishes 
to recognize and express his appreciation to Ralph B. Ross, Program Chairman, and Harvey Cash, 
Arrangements Chairman, for their wonderful help in fulfilling SEG’s responsibilities to the petroleum 
exploration professions. 

Roy F. BENNETT 
Convention Chairman for SEG 
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TWENTY-FIFTH ANNUAL MEETING, DENVER, COLO., 
OCTOBER 3-6, 1955 


The 1955 Annual Meeting of the S.E.G. will be held on October 3, 4, 5, and 6 at the Shirley 
Savoy Hotel in Denver, Colorado. The following is a tentative schedule for the meeting: 
Registration: Shirley Savoy on October 3, 4, 5, and 6. 

Housing: Announcements to be mailed on May 15, 1955, to members of SEG. and local sections. 

Technical Program: Sessions will be held on October 4, 5, and 6 at the Shirley Savoy. About 30 papers 
of general exploration interest are scheduled. 

Other Activities: A breakfast dance will be held on Tuesday, October 4 at the Shirley Savoy. A luncheon 
honoring Past Presidents and Charter Members is scheduled for Wednesday noon, October 5s. 

A one-day field trip of geological interest will be held on October 7 if interest warrants such a trip. 

Ladies entertainment will consist of a luncheon, fashion show, trips to points of interest in 

Denver and the surrounding mountain areas. 

Exhibits: Exhibits of universal interest will be set up in the headquarters hotel. 
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GEOPHYSICS GOES TO WASHINGTON 
AND LOOK WHAT HAPPENED TO IT THERE! 


systems. 74 Sonic Sounding W bistling Bull 
mization A tization in Manuscript Edi 
A new millisecond timer foc dating Pre-Cambrian varves 
Handy Sluice 
Geophysical properies of Geologic 
Mechanical Anal iments from Hi b-alti photographs 
“A Potable Geologic Map. Adeq James Phulbooey 
“Implementing the coordination of finalized integration. Puss Wailin 


NON-TALKNICAL PAPERS 
Is necessary, or are facts self-sufficient? ....... 
An Index of Refractory Geologists Willing F. McCornsack 
Safety Engineers: Animal, Vegetable, or Fair Guess’ 
‘Low-level-energy distribution i in geologists......D. C, Detail 
The panning ‘of geologists....: Jobn B. ‘Sturdy 


BATENTS 
“Sheath for double-edged macs by Mie and | 
Jona: Hack 
“An to Grind, or How to Sharpen a Macheve’ by 
‘Tim; Review by Corpus Delicti? 


and Panic if. the Trace Elephants 


published Two-Bitterly by the: 
 Sassiery of Exploitation 


hope, after. $200.00 for rental of 
ia customary to, tise for. ‘minute, with bared at this 


Reproduced above is the front cover of the program for this year’s Pick and Hammer Club 
musical show, “All of a Twist or No Great Expectations,” staged in Washington on April 29 by 
theatrically-inclined employees of the U. S. Geological Survey. The color of the cover, needless to 
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say, is yellow. Legal proceedings have been instituted by the S.E.G. against the S.E.T. for plagiarizing 
its crest. Thus far the litigation has been slowed down by the fact that no one seems to know what 
“S.E.T.” stands for. A reward, consisting of a spool of used cap wire, will be presented to the first 
person who can identify this piratical organization for us. 


COMMITTEE REPORTS 


REPORT OF SUBCOMMITTEE ON MINING CASE HISTORIES 


A subcommittee of the SEG Standing Committee on Case Histories has been organized to 
encourage the preparation of case histories on mining and engineering geophysics and to investigate 
the practicability of the Society’s sponsoring a mining case histories volume. The composition of the 
subcommittee is as follows: 

Chairman—Harold O. Seigel, Consultant, Toronto, Canada 

Kenneth L. Cook, Dept. of Geophysics, University of Utah, Salt Lake City 
Howard McMurray, New Jersey Zinc Co., Palmerton, Pa. 

Robert G. Van Nostrand, Magnolia Petroleum Co., Dallas, Texas 

J. Ewart Blanchard, Nova Scotia Research Foundation, Halifax, Canada 
Sherwin F. Kelly, Geophysical Exploration, Amawalk, N.Y. 


In order to determine the amount of material available for the proposed mining case histories 
volume, the Committee is soliciting abstracts and/or complete texts of case histories that might be 
suitable for such a volume. If there appears to be an adequate supply of material available, the SEG 
Council will be asked to consider authorizing preparation of the volume as a special publication of the 
Society. If it is not financially feasible for the Society to sponsor such a publication, the subcom- 
mittee will submit the histories it solicits to the Editor of GEopHysics with the recommendation that 
they all appear in g single issue of that journal. 

Histories are solicited on general structural mapping (related to mining and engineering prob- 
lems), geophysical location of ferrous and nonferrous minerals, including uranium, and also of 
ground-water. Geophysical surveys for highway construction and dam and tunnel sites are also suit- 
able subjects for case histories. It is intended to exclude histories involving only oil and gas explora- 
tion. 

Each case history should stress, where possible, the relation of drilling results or underground 
mapping to the associated geophysical data. Laboratory determinations of physical properties of 
rocks pertinent to the field results should be included whenever possible. Geophysical data over known 
geological features of interest in mineral exploration or engineering geology might form the basis for 
a useful case history even where no actual ore deposits are involved. In this connection, reports of 
unsuccessful geophysical surveys are welcome, especially when subsequent geological information 
reveals the reason for the geophysical failure. Histories on problem areas where the reasons for the 
incorrect geophysical predictions are not understood on the basis of subsequent geological study 
are also desired. It is felt that discussions of problem areas will be valuable in pointing out some of 
the unsolved questions of mining geophysics. 

A similar, though probably less technical, volume will be issued under the auspices of the Cana- 
dian Institute of Mining, in conjunction with the Empire Mining Congress in 1957. Since the latter 

volume will concentrate on case histories arising from within the British Commonwealth, the pro- 
posed SEG volume will emphasize papers arising from outside that group of countries. 

Abstracts of proposed case histories no more than 250 words long should be submitted by October 
1, 1955 to the Chairman of the subcommittee, Harold O. Seigel, Suite 12, 25 Melinda St., Toronto, 
Canada, or to the committee member from whom direct solicitations were received. 


RESEARCH IN EXPLORATION GEOPHYSICS 
REPORT OF SPECIAL COMMITTEE ON RESEARCH 


Last fall, Paul Lyons, President of SEG, appointed a Research Committee to consider ways and 
means by which the Society of Exploration Geophysicists could aid and encourage research in 
geophysics that would be of interest to the membership. 
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The establishment of this committee recognizes the maturity which the technology of exploration 
geophysics is now attaining. In its early days, exploration geophysics borrowed heavily from de- 
velopments in the communications industry as well as from classical geophysics. Now, however, it is 
becoming increasingly evident that there are special areas in the science of geophysics that are of 
particular interest to exploration geophysicists and are in need of fundamental investigation. These 
special areas are outside the areas of chief interest of other groups and are therefore primarily the 
responsibility of the exploration geophysicists. 

The first meeting of the newly formed Research Committee was held in New York last spring 
during the annual meeting of the SEG. The membership of the committee is made up of representa- 
tives from universities, geophysical service companies, and petroleum companies. 

It was agreed by all members of the Research Committee that gecphysical research in colleges 
and universities should be encouraged in every practical way. The Committee agreed that any re- 
search selected for support by the SEG should be of a fundamental nature, having as its objective an 
increase in our understanding of geophysical phenomena; it should avoid having short range objec- 
tives that might be of immediate competitive significance. It was also agreed that a rather broad in- 
terpretation of geophysics should be assumed; the application of nuclear physics to age measurement 
of rocks should be included, in addition to the usual fields of terrestial magnetism, gravity, seismology, 
electrical earth currents, and geothermal gradients. 

The committee voted to take the following five specific actions: 


1. Recommend to the American Petroleum Institute, which has funds available for the support 
of fundamental research, that research in geophysics be supported in one or more of the follow- 
ing three fields listed in their order of preference: 

a. Seismic wave propagation through sedimentary materials including absorption and/or 
scattering. 

b. Geophysical studies on the static and dynamic problems concerned with basin formation. 

c. Thermal conductivity measurements in the earth’s crust along the lines of Birch’s recent 
review article in GEOPHysICcs. 

2. Prepare a list of suitable geophysical problems which could be used as subjects for thesis work 
by graduate students in universities. Such lists could be sent to institutions engaged in geo- 
physical research and could also be published in GEopuysics, 

3. Give consideration to the sponsoring of symposia at various universities for the purpose of 
bringing university and petroleum research workers together in fields of common interest. 

4. Recommend to the Editor of the SEG that an annual review paper be published in Gro- 
puysics which would underline significant research developments during the past year. 

5. Recommend to the Executive Committee of the SEG that the latter offer its assistance and 
cooperation to the National Science Foundation in the activities of the International Geo- 
physical Year (1957-1958). 


Progress is being made on all five of the above items. The American Petroleum Institute has 
already given general approval to the support of geophysical research and has appointed a special 
committee to review geophysical work now in progress in this country. It is probable that funds for the 
support of specific projects in geophysical research will be budgeted at the November meeting of the 
API in San Francisco. 

The membership of the SEG Research Committee is: 


D. H. Clewell—Chairman W. T. Born 

H. F. Dunlap—Secretary T. J. O'Donnell 
C. H. Dix J. E. Hawkins 
P. S. Williams D. Silverman 
W. M. Ewing B. D. Lee 

J. M. Crawford R. A. Peterson 
L. L. Nettleton C. H. Green 


D. H, CLewe tt, Chairman 
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ANNOUNCEMENTS 


ORGANIZATION OF A STUDENT SECTION OF THE SOCIETY OF EXPLORATION 
GEOPHYSICISTS AT TEXAS WESTERN COLLEGE 


To fill a long felt need for a student organization devoted to petroleum exploration and geology, 
action was taken in January of 1955 to petition the Society of Exploration Geophysicists for per- 
mission to establish a student section at Texas Western College. Through the interest and efforts of 
Mr. Howard E. Itten, President, Empire Geophysical, Inc., and Dr. Howard E. Quinn, Chairman 
of the Department of Geology, The Trans Pecos Student Section, Society of Exploration Geophysi- 
cists was founded on March 25, 1955. A charter meeting was held on that date and the constitution 
was formally accepted. Acting President A. A. Smith of Texas Western addressed the meeting and 
pledged the support of his office. The Governor of Texas, Allan Shivers, sent a congratulatory message 
which was read before the membership. 

Sponsor of the Student Section is the Permian Basin Geophysical Society. Their cooperation and 
enthusiastic support has been, and will in the future be, a vital factor in the successful operation of 
the Student Section. The interest of local citizens has also been encouraging. Officials of the Standard 
Oil Company of Texas and the E] Paso Natural Gas Company have done a great deal in getting us 
started. E] Paso Natural Gas has provided funds (three hundred dollars) so that the Student Section 
may send representatives to the Twenty-Fifth Annual SEG Meeting in Denver this fall. 

Many other individuals have contributed towards the success of the Trans Pecos Student Sec- 
tion. As a result, its place at Texas Western and its future growth seem assured. 

Texas Western College is located in El Paso, at the far western corner of Texas. It was created 
in 1913 as the School of Mines and Metallurgy by a legislative act. This act charged the institution 
with teaching and research in mining, metallurgy, and allied subjects, and placed it under the control 
of the Board of Regents of The University of Texas. On June 1, 1949 the name of the school was 
changed to Texas Western College. This was done in order to recognize the expansion of the cur- 
riculum into various other scientific and technical fields. Today Texas Western College is a coeduca- 
tional institution with an enrollment of more than 2,500 students. 

As a result of over-expansion into the liberal arts, the College has recently been faced with the 
serious burden of an excessive enrollment. However, the engineering and science Departments have 
maintained the highest of standards. More than 600 graduates are presently employed in the geologi- 
cal profession, a large majority of whom are in the petroleum industry. A significant number of these 
graduates have entered the geophysical exploration field. 

Starting in the fall of 1955, Texas Western will offer a course in geophysics for the first time. 
There is every indication that future curriculum expansion will be channeled in this direction. This 
is enhanced by the installation on June 15, 1955 of a new president, Dr. Dysart Holcombe, presently 
Dean of Engineering, Texas Technological College. Dr. Holcombe, prior to his present position, was 
with the Sinclair Research Laboratories. 

J. T. SAMPLE, JR. 
Texas Western College 


PERSONAL ITEMS 


Paui L. Lyons, President of the Society of Exploration Geophysicists, has resigned the position 
of Exploration Manager for Anchor Petroleum Company to become Chief Geophysicist for Sinclair 
Oil & Gas Company, Tulsa, Oklahoma. Mr. Lyons began his career in exploration geophysics in 1934 
on a Humble Oil & Refining Company seismograph party. In 1935 he was transferred to Carter Oil 
Company in Tulsa. He held the position of Exploration Manager for Anchor Petroleum Company 
from 1951 until May 1s, 1955. 


Sou1o PETROLEUM Company announces that its second $300 scholarship was awarded by the 
Scholarship Committee of the University of Houston. Recipient of the award was Morris Joseph 
Novak, freshman student in geophysics. 
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B. D. Farrow, formerly a supervisor with Geotechnical Corporation, is now with Reliable 
Geophysical Company, Box 450, Yoakum, Texas. 


R. S. Fin was elected to the board of directors of Seismograph Service Corp. and ALBERT L. 
BARTHELMES was named executive vice president of the company at the annual stockholder’s meeting 
of SSC held April 11 in Tulsa. 


V. L. (Vic) JonEs, consulting geophysicist of Tulsa, Oklahoma, recently presented his paper, 
“A Geophysical-Geological Study of the Owasso Dome, Tulsa County, Oklahoma,” before the 
Geophysical Society of Oklahoma City, University of Oklahoma geophysical group, Oklahoma A & M 
chapter of Sigma Xi, Shawnee Geological Society, and Tulsa Geological Society. The preliminary 
results of this work were presented orally at the annual meeting of SEG in St. Louis in 1951. The 
present paper is a presentation of the final results of the research which he has been conducting on 
the Owasso Dome for several years. 


O. S. Petty, chairman of the board of Petty Geophysical Engineering Company; Petty Labora- 
tories, Incorporated, and Petty Geophysical Company, announced several major executive changes 
in the various Petty organizations. Petty also announced the formation of a new company to handle 
uranium exploration, the Petty Mining Exploration Company. 

WELDON L. CrAwForp has been elected president and treasurer of the Petty Geophysical Engi- 
neering Company, Petty Laboratories, Incorporated and Petty Geophysical Company. Crawford has 
been associated with the Petty organization since 1932. 

P. J. Rupopn has been elected president and treasurer of the newly formed Petty Mining Ex- 
ploration Company and will devote his entire attention to this work. 

HERBERT M. Dawson, who has been directing the foreign operations of the Petty Geophysical 
Company and will continue in that capacity, has also been elected vice-president of the company. 
Dawson has been with P.G.C. since 1934. 

W. LEE Moore, vice-president of the three Petty companies, has also been elected secretary of 
these organizations. Moore has been a Petty associate for 25 years. 


FRANK Press has been appointed Professor of Geophysics in the Division of the Geological 
Sciences at the California Institute of Technology. 

Now Associate Professor of Geophysics at Columbia University, Dr. Press expects to join the 
group working at Caltech’s Seismological Laboratory by mid-September of 1955. 

Dr. Press joined the Columbia faculty after receiving the Ph.D. degree there in 1949. He is well 
known for his research on a wide range of geological subjects, including microseisms, the geological 
structure of the ocean floor, and several aspects of seismology. 


R. J. “Bos” McGann, seismograph and drilling contractor has been appointed sales engineer for 
the Portadrill Division of the Winter-Weiss Co., Henry A. WINTER, JR., General Manager of the firm 
announced recently. 


A. E. BRAINERD and F. M. VAN Tuyt, Consultants in Petroleum, Economic, and Engineering 
Geology announce the affiliation of C. C. O’BoyLrE, Geological Engineer. 


R. H. Rarney has been transferred from Midland, Texas, to Perth, Australia, and will super- 
vise the three Geophysical Service Inc. crews soon to be moving there. His family will follow him 
when school is out. 


M. E. (SHorty) TROsTLE has been promoted to supervisor by by Geophysical Service Inc. effec- 
tive March 1. Shorty and his family will move from Ft. Stockton to Midland, Texas. G.S.I.’s new 
office is in the Chandler Building, Midland, Texas. 


Appointment of GLEN B. Gariepy as chief geologist for The Ohio Oil Company, effective April 1, 
has been announced by W. B. Emery, vice president of production. 
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Gariepy succeeds PAuL L. HENDERSON, who has been elected a director and vice president of 
production. R. M. Witson will succeed Gariepy as assistant manager of the company’s Shreveport, 
La. Production Division, Emery said. 


CHESTER SAPPINGTON, board chairman, and T. O. HAL, President have announced that Ray- 
MOND F. KELLER, general manager of Canadian operations, has been appointed a Vice-President of 
General Geophysical Company. 


Announcement of four changes in key personnel at the Bellaire Laboratories, Research Division 
of The Texas Company’s Producing Department was made by G. HERzo6, director of research. All 
changes will become effective March 1. 

B. D. Lex, who is assistant director, geophysical research, and K. C. TEN Brink, who is as- 


sistant director, producing research, have been promoted to assistant directors of research. 


A.S. McKay and J. C. ALLEN have been appointed assistants to the director of research. 


Josrepu L. ADLER, consulting geologist and geophysicist, formerly with Independent Exploration 
Co., announces the opening of his office at 2028 Commerce Building, Houston, Texas. 


M. Kinc Hvussert, Shell Oil Co., Houston, a former Editor of Gropuysics, has been elected to 
the National Academy of Sciences, it was announced at the Academy’s spring meeting in April. Dr. 
Hubbert has made numerous contributions to geophysics and to petroleum geology, his most recent 
publications relating to the hydrodynamic theory of oil accumulation. Of the eight SEG members 
who have been elected to the National Academy, Dr. Hubbert is the second who is not connected 
with an academic institution, the first being E. L. DEGoLyEr, 


CONTENTS OF 
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Kodak Linagraph 480 and 482 Paper 
is now packaged in a reusable can. 
The top is sealed by a tape, can be 
easily resealed. The label has space 
for an address. You can send proc- 
essed seismic records back to your 
home office in the same can the paper 
came in. Or use the can to store any- 


thing you want to keep clean and dry. 
There’s no change in the paper that 
comes in the can. We keep the thick- 
ness and width uniform so it won't 
bunch up in your recording instru- 
ments. No emulsion skips, either. And 
it gives you the clean, sharp traces 
you want. See your Kodak dealer. 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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Mail Order To 


A metal cabinet map file—with 
locking doors. 112 tilting tubes. 
Easy to file and find maps, 
tracings to 60”. 


PATENT NO. 1610368. Other Patents Pending. 


SCOTT-RICE COMPANY 
610 S. Main Tulsa 3, Okla. 


FIFTIETH ANNIVERSARY 
Economic Geology 
1905-1955 


(in two parts) 


This publication will comprise some 30 review papers 
by specialists in their fields, on wide phases of eco- 
nomic geology, including ore deposits and ore genesis, 
sedimentary deposits of rare metals, uranium deposi- 
tion, coal petrology, time of oil and gas accumula- 
tion, light weight aggregates, ore deposits formed by 
lateritic processes, pegmatite deposits, carbonate 
mineralogy of limestones and dolomites, engineering 
geology, influence of geological factors on the me- 
chanical properties of sediments, geochemistry and 
geophysics in prospecting, wall-rock alteration, metallo- 
genetic epochs and provinces, mineral synthesis, minor 
elements in ore minerals, developments in clay min- 
eralogy and technology, temperature in and near in- 
trusions, and other important topics of interest to 
the professions of geology, mining and engineering. 
All of the authors are specialists in their fleld, and 
will present a critical and stimulating review of the 
literature. 


This publication will appear in two parts or volumes 
in the late fall of 1955. Pre-publication orders will 
be at a price less than post-publication price. Price 
will be announced but will be approximately at cost. 
Advance orders or expressions of interest are invited. 


Address: Economie Geology Publishing Company 
105 Natural Resources Building 
Urbana, Illinois 
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physical prospecting for oil and other minerals 


@ Covers geophysical instrumentation 
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or accurate delineation and 
evaluation of underground 


radioactive ore 


Developed and field 

tested on the Plateau by Uranium 
Engineering, the BABBELogger 
automatically charts permanent, 
accurate records of drill hole 
probings to provide the perfect 
method for analyzing and 
evaluating results. 

The Counter-Recorder Unit 
incorporates the latest electronic 
developments, such as transistors, 


Counter-Recorder Unit 


and uses a minimum of controls 

for foolproof operation. The Reel 

and Probe Unit carries 1000 

feet of cable and is motor driven 

with 3 speeds. Both units are 

mounted in rugged, field-type: 

carrying cases and weigh 

only 60 pounds each. 

Many new and exclusive 

features assure hair line 

accuracy, optimum perform- 

ance, and rugged 

: dependability. Write, wire, 
‘el and Probe Unit Z : or phone for additional 


information. 
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G-480 1200 Gallon water tank mounted on F800 Ford 


Our 35 years of experience in design- 
ing, engineering, and manufacturing 
equipment for the Geophysical Industry 
is your assurance of quality that meets 
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G-452 400 Gallon shooting truck with 500 Ib. powder ond cop cop 


Our engineering staff will gladly assist in 
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low to develop the best Magnetic Recording 


Movable heads are now available on 
the Ampex Magnetic Tape Drum Recorder. 
Combined with other magnetic tape advantages, 
they provide new scope to the geophysical 
group that is seeking better techniques. 


Time corrections between chan- 
nels can increase the seismic in- 
formation obtained. 


Movable heads can correct for the 
weathered layer, for stepout, or for 
other factors. Then large numbers of 
channels can be mixed to cancel seis- 
mic noise and strengthen the reflec- 
tions. Also, various correlation tech- 
niques become feasible and useful. 


Head settings can be made indi- 
vidually or in patterns 


The Ampex movable heads can be 
set to + 1 millisecond accuracy, and 
have a maximum spread of 200 milli- 
seconds (+ 100 ms). For simultaneous 


setting of the channels, templates can 
be used. Various mechanical or elec- 
trical controls can be adapted to 
move the heads. 


Ampex offers you the most ex- 
perience in magnetic recording 


Ampex's Model 700 Seismic Drum Re- 
corder is already in use by many 
major oil and exploration companies. 
Development of these recorders drew 
on Ampex's experience in designing 
hundreds of models and modifications 
for various other instrumentation uses 
(including early seismic recorders). 


Ampex Model 700 Magnetic Tape Seismic Drum 
: Recorder in field use. 


For full specifications and description, write Dept. 1-1899 
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K-2 conquest called 
for WORDEN portability. 


In the conquest of K-2, the Worden Gravity 

Meter, manufactured exclusively by HTL, again 

proved dependable and accurate. The Italian Al- 

pine Club which scaled K-2 (Mount Godwin 

Austen in Pakistan) in July, 1954, used a Worden | 
Gravity Meter for accurate gravity observations. iad ee 
In one of the world’s most daring mountain ex- bee 
peditions, the choice of the Worden meter was 

a natural one because of its small compact size, 

its reliability and ruggedness. 


Internally compensated for temperature changes, 
the easy-to-carry Worden Meter requires no ex- 
ternal power source or other cumbersome acces- 
sories. Its sealed, quartz spring system also makes 
it unnecessary to compensate for barometric 
changes. = 


Write for Bulletin GM-201 covering the standard meter, 
or Bulletin GM-202 describing the geodetic model. 
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» next time you need dependable 


geophysical information — whatever 
your location — call Advanced. 


They’re equipped to handle your job. 


Poindexter _F. R. Wallace H. J. Fenton H. L. Heggy 
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The American Association 
of Petroleum Geologists 


Comprehensive Index of the Publications of the A.A.P.G., 1917-1945. Com- 
piled by Daisy Winifred Heath. 603 pp. 6.75 x 9.50 inches, Cloth. To mem- 


Structure of Typical American Oil Fields. Vol. III. McCoy Memorial Vol- 
ume. 24 papers. 516 pp. 219 illus. Cloth. To members, $3.50 ........... sass 


Appalachian Basin Ordovician Symposium. From August, 1948, Bulletin. 
264 pp. 72 illus. 6 x 9 inches. Cloth. To members, $1.50 ...... pawieiiii i 


Possible Future Oil Provinces of the United States and Canada. 4th 
printing. From August, 1941, Bulletin. 154 pp., 83 figs. 6 x 9 inches. Paper. 


Problems of Petroleum Geology. 2d printing. Originally published, 1934. 43 
papers. 1,073 pp. 200 illus. 5.75 x 8.5 inches. Cloth. To members, $4.00 .... 


Structure of Typical American Oil Fields. Vols. I and II. Symposium on 
Relation of Oil Accumulation to Structure. 3d printing. Ae cog! pub- 
lished, 1929. Vol. I: 510 pp., 190 illus., 6 x 9 inches, cloth, $3.00, Vol. II: 750 
pp., 235 illus., 6 x 9 inches, cloth, $4.00. Two volumes .........scseeeseeees 


Possible Future Petroleum Provinces of North America. From February, 
1951, Bulletin. 360 pp., 153 figs. 6 x 9 inches. Cloth. To members, $2.50 ... 


Tectonic Map of the United States, 4th printing. Originally an 
1944. Prepared under direction of National Research Council, Committee 
on Tectonics, Div. Geology and Geography. Scale, 1 inch = 40 miles, 7 
colors. 2 sheets, each 40 x 50 inches. Folded, $2.00. In tube ............... 


Directory of Films and Slides of Possible Interest to Geologists (2d ed.). 
Compiled under direction of Committee on Applications of Geology. 39 


Geology of California (1933). By R. D. Reed. 355 pp, 58 figs., 26 tables. 
Structural Evolution of Southern California (1936). By R. D. Reed and 
J. S. Hollister. 157 pp., 57 figs., 14 photographs, 9-color tectonic map. Both 
offset reprinted. 5.5 x 8.5 inches. Clothbound together ..........eeecsseeees 


Western Canada Sedimentary Basin. Symposium. 521 pp., 178 figs., 14 pls. 
13 papers are new, 17 reprinted from the Bulletin of last 4 years, most of 
which have been revised. 6.75 x 9.5 inches. Cloth. To members, $5.00 .... 


Geological Cross Section of Paleozoic Rocks: Central Mississippi to North- 
ern Michigan. Prepared under auspices of Geologic Names and Correla- 
tions Committee. 5 cross sections, vertical scale 500 feet to the inch. 29 
pp. of explanatory text, index. 8 x 10 inches. Pressboard, sections folded in 
pocket. To members, $2.00 


Miocene Stratigraphy of California (1938). By Robert M. Kleinpell. 450 
pp., 14 figs., 22 pis., 18 tables. Offset reprinted. 5.5 x 8.5 inches. Cloth. 
To members, $4.50 


Stratigraphic Type Oil Fields (1941). 37 papers. 902 pp., 304 figs., 3 pls. 
Offset reprinted. 5.5 x 8.5 inches. Cloth. To members, $4.50 


Bulletin of The American Association of Petroleum Geologists. Official monthly 


publication. Each number, approximately 150 pages of articles, maps, dis- 
cussions, reviews. Annual subscription, $18.00 (outside United States, 
$19.00). Descriptive price list of back numbers on request. 


(Prices, postpaid. Write for discount to colleges and public libraries.) 
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Here are some pictures of a General crew on one of our , fecaiats 

programs. This job was over land and water, too. You just can’t beat 

General’s background in all phases of geophysical exploration: fm 

addition to unsurpassed accuracy and dependability, those people af - 

General actually become a part of our organization when they work 

pi us. I’m in favor of using them again for our next exploration proj. 
. We know they will do the job for us — right. 


WHEN YOUR CONTRACT IS WITH GENERAL... 
THE PERCENTAGE FOR SUCCESSFUL EXPLORATION IS IN YOUR FAVOR 
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\.__ FOR OIL, URANIUM AND OTHER MINERALS 


An easily read, clearly illustrated text on 


Modern Geophysical Techniques 


EXPLORATION GEOPHYSICS 


by J. J. Jakosky, Sc. D. 


In 1200 pages and with 707 
illustrations, the 1950 revised 
Exploration Geophysics 
covers the entire field of 
exploration by modern geo- 
physical methods. It is con- 
cisely and clearly written by 
an internationally known geo- 
physicist, in close collabora- 
tion with 39 other leading 
authorities. 


Thirteen fact-packed chapters 
fully cover all contemporary 
methods; plus permit, trespass 
and insurance problems. A 
basic textbook for every 
geologist, geophysicist, engi- 
neer and physicist concerned 
with exploration, well logging 
and production. Adopted by 
many leading universities. 


Send your money order or check for $12.50 for a copy of Exploration Geophysics on 
5-day approval. If you are not fully satisfied, merely return the book in its original 
condition and your money will be promptly refunded. 

TRIJA PUBLISHING COMPANY, TRIJA BUILDING, LOS ANGELES 24, CALIFORNIA 


THE GEOPHYSICAL SOCIETY OF TULSA 


announces the new publication of 


THE PROCEEDINGS OF THE GEOPHYSICAL SOCIETY OF TULSA 


Vol. 2. Co-operation of Geology & Geophysics 


In addition to reporting on the activities of the society for the 1953-1954 period, this volume, 
like its predecessor, contains a number of original papers of interest to all geophysicists. 
In this case they are concerned with examples of geological and geophysical co-operation, 
successful in petroleum exploration. 


There are still undistributed a small number of copies of 


Vol. I. Joseph A. Sharpe Memorial 


The original papers in this first volume are concerned with the magnetic susceptibility 
and density of rocks. A wealth of experimental data is presented. 


PRICE OF EITHER VOLUME $2.00 (INCLUDES POSTAGE) 


Address: 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
624 S. Cheyenne, Tulsa, Oklahoma 
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EUROPEAN ASSOCIATION 


OF 
EXPLORATION GEOPHYSICISTS 


The E.A.E.G. was founded in December 1951 


The aims of the Association are to promote the science of exploration geophysics by 
establishing contacts and encouraging co-operation and fellowship between geo- 
physicists in Europe and elsewhere and by disseminating knowledge of the science 
through the agency of regular meetings and the publication of technical papers. 


MEMBERSHIP 


Active Members pay an annual membership fee of Neth. fis. 15.—, increased by 
Neth. fis. 0.50 collecting charges. In U.S. currency this charge amounts to $4.10. 


Prospective Members. Anybody interested in geophysics can apply for membership 
by sending in an Application Form, duly filled out. Forms will gladly be supplied 
by the Secretary-Treasurer of the E.A.E.G. but may also be obtained through the 
kind assistance of the Business Manager of the S.E.G. 


GEOPHYSICAL PROSPECTING 


Official Journal of the European Association of 
Exploration Geophysicists 


This journal is issued quarterly and contains articles written in English, French or 
German. English, however, is predominant and each article is preceded by an abstract 


in that language. 


Active members receive the journal free of charge. 

The Subscription Rate for non-members is Neth. fls. 22.—(U.S. $5.80) per annum. 
Single copies are available at Neth. fls. 6.—(U.S. $1.60). These rates include pack- 
ing and postage and are payable in advance. 

In accordance with the Terms of Affiliation with the Society of Exploration 


Geophysicists, members of that Society may receive the journal for the normal mem- 
bership fee if subscriptions are entered through the Business Manager of the S.E.G. 


A limited quantity of previous issues is still available. 


All communications to be directed to: 


THE SECRETARY-TREASURER E.A.E.G. 
30,C. VANBYLANDTLAAN THEHAGUE £NETHERLANDS 
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HALF CABS 


KOENIG ALL-STEEL CABS HAVE THESE SUPERIOR FEATURES: 


® Protection—Complete protec- © Comfort—F ull panel-board 
tion of head lining and masonite door 
by i lining . . . no vibration. 

© Safety—All-steel, welded con- @ Convenience—Roll-down win- 
struction. No rivets . . . safety dows, full opening. 
glass throughout. 


King Winch on R-140 and R-160 International P.T.0-<driven King Winch on Willys Jeep 
KING WINCHES FOR KING-SIZE PULLING JOBS 


For all Willys Jeeps, trucks and 4x4 station wag- 
ons... also for Ford, Chevrolet, International and 
Dodge trucks. 


King Winches keep you moving through the 
most difficult terrain ... you get action where there’s 
no traction with dependable pull power designed 
to fit specific pull and hoist needs. Koenig power 
winches have pull capacities of 8,000 to 19,000 Ibs. 


Koenig Jeep cabs and King Winches for 
Willys vehicles are available through 
Willys Motors, Inc., and Willys-Over- 
land Export Corp. distributors or deal- 
% ers. Write for free descriptive literature. 


2214 Washington Av: Houston, Texas 
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RUSKA 

Scout 
Magnetometer 
IMPROVED AGAIN! 


The new Model S2 Scout Magnetom- 
eter is faster to operate, lighter, more 
compact and still more reliable than 
Model S1. Temperature-compensated 
system with sapphire knife-edge. No 
increase in price. 


Other magnetic instruments manu- 
factured by Ruska Instrument Cor- 
poration: 


Vertical and Horizontal Field Balances 
Recording Field Balances 
Absolute Observatory Magnetometers 
Earth Inductors or Inclinatoriums 
Standard Magnetographs 
Rapid Run Magnetographs 
Telerecording Magnetographs 
Magnetic Expedition Instruments 
Astatic Magnetometers 


RUSKA 
INSTRUMENT 
CORPORATION 


Makers of Scientific Instruments 
4607 Montrose Blvd. © Houston 6, Texas 
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A successful and practical application 
of new techniques using an “integrating, 
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economical than conventional methods, 
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AVAILABLE THROUGH ALL GEOPHYSICAL 
AND OIL FIELD SUPPLY STORES 


MANUFACTURING CO 


HOUSTON. TEXAS 


Export office: 30 Rockefeller Plaza, New York 
Please mention GropHysics when answering advertisers 


PACKING FLUID END 
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GRAVIMETRIC, 
MAGNETIC, and 
GAMMA RADIATIO 


SURVEYS 
REPORTS 
REVIEWS 


KLAUS 
EXPLORATION CO. 


Phone POrter 2-1551 ° Box 1617 ° Lubbock, Texas 


Please mention GropHysics when answering advertisers 
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BIG SIZE 
SAVINGS 


SMALL SIZE PUMPS! 


MacCLATCHIE GEOPHYSICAL PUMP PARTS: 


For the fluid end of your small size 
geophysical pumps, here’s a quick line-up 
of MacClatchie replacement parts engi- 
neered to give you maximum dependable 
service under the tough conditions of ex- 
ploration work... 


MacClatchie Type “GS’’ Pump Piston 
—for general field serv- 
ice in all makes and sizes 
of pumps and for all rod 
tapers. Lip design of rub- 
bers allows expansion 
under fluid pressure, in- 
suring leak-proof operation. Piston easily 
renewed by replacing worn rubbers, using 
end plates and center spool over again. 


MacClatchie Type “FR’? Pump Piston— 
A one-piece piston with no metal to touch 
the liner bore . . . no end plates . . . no lock 
rings . . . no separate body. The best piston 
available at an economy price—made in 
most popular sizes and rod tapers. 


MacClatchie Type ‘“GS’’ Wing Guide 
Valve—Engineered with 
full opening value seat to 
permit free flow of cut- 
tings, heavy slurries and 
foreign material without 
sticking. Easily disas- 
sembled to replace worn 
insert by removing single cap screw. 


MacCLATCHIE MANUFACTURING COMPANY 


A Subsidiary of Grant Oil Tool Co. 
MAIN OFFICE & PLANT: COMPTON, CALIFORNIA 


MacClatchie Geo-Mac Valve—For Geophys- 


ical Service—This all new 
Geo-Mac Valve has no in- 
serts to replace, no snap 
rings or lock plates—just a 
pressure _— which you at- 
tach to the valve body with 
a nut and bolt. The spe- 
cial hardened pressure plate 
takes no wear, therefore 
lasts indefinitely. Made of 
revolutionary new “Permac” rubber com- 
pound, the Geo-Mac withstands the tough- 
est = service and is giving un- 
paralleled performance. 


MacClatchie Liners and Rods— 


MacClatchie one-piece hardened and 
honed liners are made from steel forgings, 
scientifically heat treated and mirror- 
honed. O.D. is machined for perfect fit. 
Chrome plated liners also available. 
MacClatchie Rods are made in all API 
and manufacturer's tapers of carburized 
and hardened alloy steel, ground to a 
smooth finish to prevent scoring and cor- 
rosion. Also available chrome _ plated. 
Furnished complete with rod and jam nut. 


Write for Descriptive Literature 
and Specifications 


Please mention GropHysics when answering advertisers 
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FREQUENCY RESPONSE: Within 3 db from 10 
to 500 cps. Filtering as specified. 


LOW DISTORTION: Less than 1% from 10 
to 500 cps at 0.1 volt input. 


AGC CONTROL RANGE: 0.5 microvolt to 0.1 
volt input. (Three time-constants se- 
lected from front. panel.) 


GAIN CONTROL CIRCUITS: AGC, Expander, or 
simultaneous AGC-Expander operation. 


RECORD PRESENTATION: Single record. Dual 
output. Dual record. 


® First-Arrivals Unfiltered. 


© Individual Channel Paralleling and Test- 
ing Switches. 


© Simplified Controls. 


Operations 


Features essential to high-speed 
operation — available only on special 
order in many systems — are standard 
equipment in the G-22A, latest addi- 
tion to the SIE G Series instruments. 


New circuitry provides unmatched 
performance with all recording meth- 
ods while simplifying matching and 
operating procedures. 


AGC Time-Constants, mixing 
method and percentage, and type of 
record presentation can be selected 
from the front panel. Two attenuation 
rates on both high and low cut 
filters provide hundreds of filtering 
combinations. 


From the new self-biased AGC cir- 
cuit to the simplified control panel, 
the G-22A's “field engineered” design 
combines practical operation with 
high flexibility. 


216-55 


2831 Post Oak Rd. 


ESTERN INDUSTRIAL ELECTRONICS CO. 
P.O. Box 13058 


Houston 19, Texas 
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AND REACTORS 


are now solving low-frequency 
inductor problems for the world’s 
leading geophysical laboratories 


New SIE core materials and. innovations in wound © 
component design have resulted in distortion values 
as low as 0.15% (at one volt, 10 cps) in the new 
2000 series! In magnetic recording equipment, and 
“critical area” seismic systems, the new series com- 
bines the advantages of SIE balanced core, double-- 
coil, hermetically sealed construction, with the low 
distortion characteristics. essential to present-day 
seismic instrumentation. 

In input applications, the 2000 series is available 
in three basic ranges of primary inductance: 


Low impedance (10 to 12 henry range) 
Medium (50 henry range) 
High (100 henry range) 

SIE’s unchallenged leadership in the design and 
construction of low-frequency wound-components 
began with the first "S” Series Input Transformer 
manufactured for an early SIE seismograph. Today, 
SIE is the world’s largest manufacturer. of geo- 
physical transformers, building thousands of special 
high-permeability, low-frequency inductors for 
precision equipment manufacturers of aircraft, 
laboratory, and geophysical instruments. 

Write for detailed brochure with complete 
catalog listing of these and other SIE audio and 
sub-audio range transformers, 
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UNIT INSTRUMENTS 


G-R Unit Instruments meet the need for accurate, versatile 
instrumentation selling at appreciably less than the more 
elaborate measuring equipment on the market. Each UNIT 
provides, in a compact package devoid of unnecessary frills, 
one of the basic electrical functions . . . amplification, de- 
tection, modulation, signal and pulse generation and d-c 
power. Straightforward design makes possible economies in 
both development and production which result in lower cost: 
to the customer. 

The G-R philosophy of electrical “building blocks” was 
formulated some five years ago. That the concept was sound 
is evidenced by the rapid acceptance and current popularity 
of these compact, efficient Units. 

A wide variety of UNITS are available, all operating from the 
same basic Unit Power Supply. In combinations, these instruments 
make possible setups of any complexity to perform practically any 
electrical measurement. Taken individually each UNIT represents 
the most in value per dollar, available anywhere. 


in the FIELD 


in the LABORATORY 


In the photo, the new Type 1202-A 
Vibrator Power Supply provides power for the 
Type 1218-A UHF Unit Oscillator from a standard automobile 
Storage battery ye The Vibrator Supply greatly extends the 
area of application of G-R Unit Instr its. The pact sup- 
ply operates from 6-volt or 12-volt storage batteries, and pro- 
vides 300 volts at 55 ma, d.c. and 6.3 volts at 2.7 amperes, a.c.— 
sufficient plate and filament power to drive any G-R Unit In- 
strument in the field. Power at 115 volts, 115 cycles is also 
made available for supplying other a-c operated equipment in 
the field yy A unique feature is that this Vibrator Supply will 
also operate from standard 115-volt, 60-cycle lines. One Power 
Supply, the Type 1202-A, will provide for all eventualities..... 
work in the field or laboratory. 

Type 1202-A Unit Vibrator Power Supply 


GENERAL RADIO Company B 1915-1955 


27 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A. 40 Years of Pioneering 
pee 90 West Street NEW YORK 6 


1000 N. Seward Street 10% ANGELES 38 


The Type 1217-A Unit Oscillator and Type 1203-A Unit 
Power Supply are shown mounted in a laboratory relay 
rack x A complete series of standard 19” relay-rack 
panels is now available for all G-R Unit Instruments. 
These panels permit convenient stacking of Unit Instru- 
ments to form a great number of setups for reliable 
laboratory measurements. 

Type 480 Panel prices range from $12.50 to $16.00 
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Reflections 


skilled 
interpretation 


Ray flex 


x 
EXPLORATION COMPAN 
DALLAS. 


1 Reflection Seismic Surveys 


M. C. KELSEY 
E. F. McMULLIN 
J. F, ROLLINS 


6923 SNIDER PLAZA 
DALLAS, TEXAS 


Please mention GeopHysics when answering advertisers 
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THE quatity : 


‘Write for Catalog TR-55 which describes © TRANSFORMER CORP 
“and illustrates the complete line of Triad 
Electronic and Geophysical Transformers. 


Please mention GropHysics when answering advertisers 
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, ‘Nickel Plated « Multiple Magnetic 
-GEOFORMERS 
Triad “Geoformers** (Geophysical 
aand features necessary for sustained, 
«trouble-free Service ingeophysical 
prospecting 
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ENGINEERED SEISMIC SURVEYS 


6111 MAPLE AVENUE DALLAS TEXAS 
R. D. Arnett McBurney J. H. Pernell 


Please mention GropHysics when answering advertisers 
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THE SCHLUMBERGER LATEROLOG 
LOOKS AT THE FORMATIONS, 
ONE BY ONE. The focused current 
is beamed laterally into the formation, 
minimizing the effect of the bore hole 
and adjacent formations. As a result, 
the Laterolog gives you accurate 
formation detail when the mud is salty 
or when the formation resistance is high. 
Therefore, this important Schlumberger development 
gives you correct information under conditions 
that may have previously caused you to pass up 
production possibilities. Be sure on every survey. 


THe Eves of THe SCHLUMBERGER 


Well Surveying Corporation 


Please mention GropHysics when answering advertisers 
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From this command post, a seismic survey crew member 
records subsurface conditions by measuring the time of ad- 
vance of a wave front generated by an explosion of dynamite. 
Using specialized explosives, equipment, and methods, engi- 
neering seismology not only detects new oil reserves, but 
solves problems for highways, tunnels, buildings, and other 
construction projects—wherever a knowledge of subsurface 
conditions is vital. 

Hercules has been developing and manufacturing specialized 
types of explosives for over forty years. Its technical staff and 
service facilities are available to customers for help in select: 
ing the types of explosives and blasting methods best suited 
for efficient operations in mines, quarries, construction, and 
seismic exploration. 


HERCULES POWDER COMPANY 


INCORPORATED 


Explosives Department, 917 King Street, Wilmington 99, Delaware 


Birmingham, Ala.; Chicago, IIl.; Duluth, Minn.; Hazleton, Pa.; 
Joplin, Mo.; Los Angeles, Calif.; New York, N. Y.; Pittsburgh, Pa.; 


Salt Lake City, Utah; San Francisco, Calif. 
XR55°5 
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for ‘noise’ analysis 
in difficult areas! 


the HTL 
log level 


To get better results in 
geophysically difficult areas 
... depend on the new Houston 
Technical Laboratories Loc INpIcaTor. 
The LLI is a calibrated, logarithmic 
voltmeter... independent of amplifier 
characteristics ...and has been field proven 
for effective analysis of seismic “noise.” 
note! The LLI is com- Used with any standard seismic system, the 
pletely independent of the HTL Loc Levet Inpicator is an instrument 
AGC characteristics of the i 
ee : especially suited for pattern hole and multiple 
seismic amplifier and func- 
; seismometer shooting . . . for all areas where 
tions separately. Thus the 
LLI trace differs materially spurious seismic energy is a problem. 
from the AGC trace re- write for Bulletin No. S-302. This illustrated 
corded by other seismic bulletin provides detailed information 
systems that can be affected on how you can use the HTL Loc LEvEL 
by amplifier characteristics. InpvicaTor to obtain better results in 
geophysically difficult areas. 


W7£\ HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
2424 BRANARD + HOUSTON 6, TEXAS. U.S.A. ¢ CABLE: HOULAB 
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MID-CONTINENT 


GEOPHYSICAL COMPANY 


O-CONTINENT Results 


temas 


Premium personnel 

* Latest type instruments 
Newest techniques 

* Intensive supervision 


PAUL H. LEDYARD 
J. G. HARRELL 


2509 WEST BERRY 
FORT WORTH 


FORT WORTH, TEXAS 


: 
FORT WORTH, TEXAS ) 
| 


IT’S A GOOD TRICK 


and LANE-WELLS 
does it! 


With Lane-Wells DUALIZED Logging, 
you get both gamma ray and neutron curves 
on one: run—and they're the same sharp, 
fully-detailed repeatable curves which have 
been proved accurate in more than 
fifty thousand wells. In a word, the same ff i 


dependable down-hole information y/ 
in half the time... that’s 4 


DUALIZED 


General Offices, Export Office los Angeles * Houston * Oklahoma City 
Waa and Plant + 5610 So. Sofo St. lane-Wells Canadian Co. in Canada 
los Angeles 58, California Petro-Tech Service Co. in Venexvel 


Please mention GeopHysics when 


answering advertisers 
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ELDER 


Complete Trailer Camps 


for your field crew . . 
kitchens, diners, showers, 
offices, power plants, water 
tank and gasoline trailers, 
sleepers. 


@ Trailer camps moved to 
new locations. 


@ Special trailers built to your 
specifications. 


Write or call for 
complete information 
ELDER TRAILER 
and BODY, INC. 


1317 Thirteenth St. CHerry 4-4531 
Denver 4, Colorado 


AERO SERVICE CORP. 


(Mid-Continent) 


Affiliated with AERO SERVICE CORPORATION, PHILADELPHIA 


AEROMAGNETIC SURVEYS * 
and their interpretation 


TOPOGRAPHIC and PLANIMETRIC MAPS - AERIAL 
PHOTOGRAPHY + AERIAL PHOTOGRAPHIC 
MOSAICS « PHOTOGEOLOGIC INTERPRETATION 
PIPELINE MAPPING 


1401 South Detroit Street, Tulsa, Okla. 
Phone 4-9159 - P.O. Box 58 


% Conducted under license from GULF RESEARCH & DEVELOPMENT CO. 
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The bears of the north woods — 
like jungle panthers, Latin American 
swamp alligators, or Far Eastern: 
camels—are familiar sights to the 
men at Rogers for Rogers crews go 
everywhere. 

Modern equipment and world-wide 
experience plus the adaptability of 
Rogers crews to conditions of any ter- 
rain or territory means accurate, de- 
pendable geophysical records on 
your next survey. You can depend on 
Rogers for reliable results. 


ogers Geophysical Company 4 


8 rue de Richelieu 
Paris, France 
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NEW PRICES 


For 


GEOPHYSICS 


Back Numbers 


By action of the Executive Committee the new prices for individual copies 
of GEOPHYSICS. effective immediately, are: 


$2.00 Per Copy to SEG Members 
$2.50 Per Copy to Others 


AVAILABLE ISSUES 
Month Volume Number 


October 14 
April 16 
July 16 
October 16 
April 17 
July 17 
October 17 
October 18 
January 19 
April 19 
July 19 
October 19 
January 20 
April 20 
July 20 


* Less than 50 copies in stock May 30, 1955. 


SOCIETY OF EXPLORATION GEOPHYSICISTS 


624 South Cheyenne Tulsa, Oklahoma 
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National Statistics 
Show that... 


out of every 
wildcat wells 
drilled are dry! 


te 


= 
TE 


i 

Bh 


NI 


OR 


but that wildcat could be 
tamed with well planned and 
carefully executed explora- 
tion services. This record 
could be bettered at least 

300% if adequate geological- 
geophysical information were 
obtained beforehand. For 
experience, and integrity in 
exploration call on the Republic 
Exploration Company. 


A map of the U.S. showing major geoleeied! features 
is now available to you. Write: Republic, Dept. B, 
Box 2208, Tulsa, Okla. 


PUBLIC EXPLORATION COMPANY 


TULSA, OKLAHOMA @ MIDLAND, TEXAS 
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For fast, thorough large area surveys, 
use the 


2-CYCLE 


refraction 
system 


especially designed for refraction work by HTL 


The new Houston Technical Laboratories VLF (very low 
frequency) seismic refraction system is especially useful in 
areas unworkable with the reflection method. The VLF re- 
fraction system can be used in petroleum exploration, min- 
ing surveys, civil engineering, and ground water location 
and is capable of covering large areas quickly. 


With excellent frequency response down to one cycle on 
the amplifiers and to two cycles on the seismometers, the 
VIF refraction system is exceptionally versatile in applica- 
tion. A combination of high cut filters provides a frequency 
cut-off range from 8 cps to 48 cps — low enough for good 
refraction work at extremely long ranges, yet high enough 
for all applications except those at extremely small ranges. 


Excellent first breaks have been received at a distance of 
five miles using only a five pound charge. 


Portability of the new VLF system is achieved through 
compact design of the 12-channel amplifier unit which 
measures 1644 x 16% x 8% inches and weighs only 42 
pounds. Two output signals from each amplifier channel 
are recorded on a standard HTL RS-8 recording oscillo- 
gtaph, with paper speed adjustable from 7 to 16 inches per 
second. 

For detailed information about the new VLF 


seismic refraction system, write for Bulletin 
No. $-308. 
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HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
2424 BRANARD ¢ HOUSTON 6, TEXAS. U.S.A. CABLE: HOULAB 
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For twenty-three years, SEI has specialized in sub- 
surface studies of the domestic oil provinces .. . from 
Canada to the Gulf. Numerous innovations in instru- 
mentation, interpretation, and field technique have 
kept SEI in the forefront. For example, in difficult 
areas, SEI has been a pioneer in the use of patterns 
of multiple shot holes and geophone arrays. 

Your exploration program is in capable hands at SEI. 


INTERPRETATION 


TECHNIQUE 


SEISMIC EXPLORATIONS INCORPORATED 


1007 SOUTH SHEPHERD 9 HOUSTON, TEXAS 
Area Offices: Midland, Texas @ Shreveport, Louisiana @ Oklahoma City, Oklahoma @ Billings, Montana 


Please mention GropHysics when answering advertisers 
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PIECES 


WIRE 
SUPPLIES 


Then have | Cle 


fill your seismic 
field supplies orders 


SIE offers every Seismic Field Party 
one dependable source for all 
recording supply needs including: 


@ Fresh Photographic Supplies 
@ Matched Electron Tubes 

@ Cable Plugs, Connectors, Clips 
@ Portable Reels 


SIE keeps Recording Crew essentials in stock ... 
ready for immediate delivery. If you‘re tired of thumb- 
ing through catalogs, interviewing salesmen, writing 
multiple orders, and then waiting for shipment... . 


Call SIE now and let one order do the job. 


2831 POST OAK ROAD e P. 0. BOX | 
HOUSTON 19, TEXAS 

434 SEVENTH AVE. EAST © CALGARY 

EDISON 40-1 © MEXICO, D. F. 
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Proven in Laboratory 


PROVEN IN THE FIELD 


R MAGNETIC RECORDING SYSTEM 
, FOR SEISMIC EXPLORATION 
A three year design and development program produced the a : 
Original concepts that led to the SIE MR-4 Magnetic Recording ee oe 
System. Then intensive field experimentation and SIE’s unmatched Frequency: Ranges’ 1 ‘te 500 eps. 
manufacturing experience were combined to produce a final 
design of the MR-4 that meets every standard for accurate, ps age from 1 cps to 500 
dependable, field service. 
Superior Signal-To-Noise Ratio, Lowest Distortion Character- cod bas ten 
istics, and outstanding Timing Accuracy combined with famous to 100 eps. 
01-5 SIE field dependability, insure that the user of MR-4 equipment ‘Distortion: Less than 1%. 
is ready for practical field operation from the day he takes 
delivery. In use today in some of the world’s most difficult = Specifications 
0x1 seismic exploration areas, the MR-4 has proven its ability to Reterd 
satisfy the rigid requirements of the geophysical industry and 
RY, joins its companion SIE geophysical instruments in establishing: 
: 


Power Source: 12 volts DC 


218-55 “The Of the Recorder 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
2831 POST OAK RD. © P.O.BOX13058 © HOUSTON 19, TEXAS 


Our customers originate our designs for 
seismic field equipment. Some want high 
speed highway vehicles for fast-moving 
“hot-shot” crews. Others demand the ulti- 
mate in tough, rugged equipment ani 
dependable service in jungle, 
the mountains. 
Others have requiremen 
capacity power-driven reels like the SIE 
Marine Cable Reel pictured... arsh Sad 
ies and other water equipment. | 
But all of them demand SIE Metal Fabri- "Whether your crews 
ating Company construction ual and_hicles, or you have a unique problem i 
steel or aluminum construction . | 
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A World-wide 
Organization 


devoting its entire resources 


to the advancement of 


Geophysical Exploration 


seismogram synthesis 
% 

velocity 

radioactivity 


UNIT 


SEISMOGRAPH + GRAVIMETER - MAGNETOMETER | Wholly owned 


P.0. Box M + 1200 South Marengo Avenue + Pasadena 15, California and operated | 

1554 California Street, Denver 2, Colorado + 1430 North Rice Avenue, Houston, Texas by its 
Igary, , Canad 

531 8th Avenue, West, Calgary, Alberta, Canada own management 


UNITED GEOPHYSICAL COMPANY S. A. 
Apartado 1085, Caracas, Venezuela * Rua Uruguaiana 118-9° Andar, Rio de Janeiro, Brazil 
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th NORTH AMERICAN 


Meter 


is unequaled for any under water survey because of its 
many operating advantages: 


@ ACCURACY 

@ DEPENDABILITY 

@ SIMPLE AUTOMATIC OPERATION 
@ MINIMUM PERSONNEL 

@ LESS COST PER STATION 


Manufacturers of Geophysical 
Equipment and Apparatus \ 


3601 W. Alabama, MO 7-2461 
Houston 6, Texas 
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ROBERT H, RAY 


In longitudes East and West, in latitudes 
North and South . . . on each of the six 
continents .. . Robert H. Ray crews are 
at work. During every minute of the day, 
somewhere RHR men are busy recording, 
computing, and interpreting geophysical 
data. These many and varied man hours 
create direct and efficient methods .. . 
produce detailed and accurate results. 


ROBERT H. RAY CO. 


2500 Bolsover Road ey 


ROBERT S. DUTY JR. 


Houston 5, Texas 


Expertly manned and completely 
equipped for either Seismic (Reflection 
and Refraction), Magnetometer, or Grav- 
ity methods, Robert H. Ray Co. is pre- 
pared to carry your explorations to any 
geographical location. 

This vast experience is cumulative. It 
works for You in every contract with 
Robert H. Ray Co. 


ow 


JACK C. POLLARD 
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as well as practical 
and a sincere dedication 
Our equipment is e 


dependabil 
But Petty, n 


ENGINEERING CO 


SAN ANTONIO TEXA 


— 
Through its 30 years ofservice 
to the petroleum industry, 
Petty has a world-recognized high score. 
that form this winning team. 
and specitic job con ons, 
ein search of even better ways and means 
Offices: Houston, Billings, Lafayette, Odessa §§§ 
‘ EISMIC GRAVITY MAGNEFE SURVEVS 


GEOPHYSICS the Journal of the Society of Exploration Geophysicists 


there’s an 


easier way 


Severe weather and formidable ter- 
rain can make ground surveys slow, 
hazardous and expensive. On any 
survey—in any season, anywhere in 
the world—you can save time, money 
and trouble by turning the job over 
to AERO, pioneer and leader in aerial 
mapping. 


AERO has the planes, the modern 
mapping and airborne geophysical 
equipment, and the skilled special- 
ists to do the job better—whether it 
be exploration for minerals or oil . . . 
resources inventories . . . maps for 
railroads, highways, power lines or 
town sites. 

In the planning stages of your next 
project, it will pay you to call in our 
engineers, who have a background 
of over 2,000,000 miles of mapping 


Winter ground survey, and exploration experience. 
\ AERO SERVICE CORPORATION 
PHILADELPHIA 20, PENNSYLVANIA 
Oldest Flying Corporation in the World 
Offices also in TULSA, SALT LAKE CITY, DULUTH In Canada: CANADIAN AERO SERVICE, LIMITED—OTTAWA 


AIRBORNE MAGNETOMETER SURVEYS SCINTILLATION COUNTER SURVEYS PRECISE AERIAL MOSAICS 
TOPOGRAPHIC MAPS PLANIMETRIC MAPS RELIEF MODELS SHORAN MAPPING 
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SUPERVISION 


pare of program conducted by 


ASSOCIATES 


G eophysical Associates’ policy provides one 
staff supervisor for every two parties. 
Each client therefore receives six supervisor 
months with every crew year. 


Closely supervised planning saves time on the 
prospect. Regular and frequent examination 
of the party’s progress solves field problems 
when they arise .... not when a line is reshot. 


Geophysical Associates’ large supervising staff 
results in an efficient, effective operation 
.... Maintaining the highest professional 
standards in every part of your 

exploration program. 


HOUSTON, LAFAYET 
ALGARY, 
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In its early applications to the geophysical problem, the 
Magnetic Mirragraph system was used simply to record 
broad-band seismic data for later playback and analysis 
using conventional methods such as filtering, mixing, etc. 
However, the usefulness of this new geophysical prospecting 
tool has been expanded tremendously during the past two 
years through the development of new techniques and 
methods by geophysicists who have had this Magnetic 
Mirragraph equipment at their disposal. 

Two important design features of the Magnetic Mirra- 
graph—the simple direct method of recording and the 
positive gear drive—enable new techniques such as com- 
pounding, stacking, and dynamic move-out correction to be 
successfully employed. 

With sixty Mirragraph systems already placed among 
eleven major oil companies and contractors, we believe 
there can be little question concerning the acceptance of this 
new prospecting method. 


Write for further information to 


_ WE EXTEND OUR INVITATION TO VISIT US IN 
NVER IN OCTOBER—BOOTHS 20, 21, 30, 31 _ 


6666 Lexington Avenue, Los Angeles 38, California * HOLLYWOOD 5-3304 
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each shot 


Pont SEISMO-WRIT 
with duo-ply winding 


What's the new duo-ply roll wind- 
ing? It’s simply a roll of extra-thin 
surface W Seismo-Writ interwound 
with standard document-weight 
surface B. With it, you can make 
two identical recordings with only 
a single shot...two recordings on 
familiar, dependable Seismo-Writ. 

With Seismo-Writ, crews can 
make accurate records under the 
most adverse conditions...con- 


BETTER THINGS FOR BETTER LIVING 


Name 


Firm 


sistently clean traces at tempera- 
tures above 100°F.! You’ll find the 
high contrast and wide latitude of 
Du Pont Seismo-Writ make uni- 
form records throughout a wide 
range of exposure and climatic con- 
ditions. It’s exceptionally curl-free 
and can be folded or rolled without 
cracking. 

Send for a free test roll of Seismo- 
Writ...Surface “W,” “B” or new 
duo-ply winding. Mail the coupon 
below to get 50 feet or more to test 
on your toughest job. Once you’ve 
tried Seismo-Writ, you’ll stick 
with it! E. I. du Pont de Nemours 
& Co. (Inc.), Photo Products De- 
partment, Wilmington 98, Dela- 
ware. In Canada: Du Pont Com- 
pany of Canada Limited, Montreal. 
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Room 2498, Nemours Building, Wilmington 98, Del. 
Please send me a free sample roll of Seismo-Writ, 
“Ww”; “B”; duo-ply winding. Size 


Street 
City 


REG. U. 5. PaT.OFF 


State 


(0 Please have your technical representative call. 
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700C Recording 
Oscillographs 


--.for industrial, medical, 


Systems 


Galvanometers 


@ Portable 


LEADERS in dynamic 
than d INSTRUMENTS recording systems... 


nuclear, military, and aeronautical research 


The Heiland Model 82-6 six channel bridge 

balance and strain indicator unit provides 
a simple and accurate means of calibrating, meas- 
uring and controlling static and dynamic current 
phenomena from resistive type transducers in 
connection with oscillographic recording. 


(2) The amplification of static and dynamic cur- 

rent phenomena for oscillographic record- 
ing is simple and accurate when the highly-stable 
Heiland Model 119 Carrier Amplifier System is 
used in conjunction with the Heiland recording 
oscillo oh For resistive, variable reluctance, 
and differential transformer type transducers. 
Provides high amplitude oscillograph record- 
ings having a flat respouse to 1000 cps. 


The 500-B is convenient for mobile appli- 

cations where portability and ease of oper- 
ation are essential. For recording up to 12 sepa- 
rate phenomena. Small in size and easy to operate, 
the takeup magazine construction of the 500-B 
permits the taking of short individual records as 
well as one continuous record 100 ft. long. 


HONEYWELL 


The Heiland 700-series Oscillographs af- 

ford complete accessibility from one oper- 
ating surface and require only a minimum of 
space for either table or rack mounting without 
modification. Features include paper speeds from 
0.030 to 144"/sec., daylight loading with sepa- 
rate light-tight takeup and supply drums, and 
trace velocity to 30,000 inches per second on 
No. 809 recording paper. 


The Series "M” Sub-miniature Galvanom- 

eter is the most advanced design and is a 
natural complement to the new 700-series oscil- 
lograph. Maximum zero stability, great sensi- 
tivity, and ease of adjustment are among its out- 
standing features. 


The solid frame galvanometer for the port- 
able oscillographs incorporates a rugged, dust- 
free construction. In general, all Heiland gal- 
vanometers having a natural frequency of over 
500 cycles per second are fluid damped. The 
optical quality of these fluid-damped types is 
equal to that ef electro-magnetically damped types. 


~ A DIVISION OF MINNEAPOLIS-— 


HONEYWEL 


130 €. Sth Ave., Denver 3, 
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Magnolia 

Unexcelled in the combined 
‘beauty of leaves and flowers, 
occurring naturally in rich 
moist soil on the borders 

of river swamps and 
nearby uplands in the 
Coastal Plain. 


SPECIALIZED FOR THE GULF COAST 


Reliable’s background of experience in geophysical sur- 
veys on the Gulf Coast ranks the company as a specialist 
in the area. This experience gives Reliable crews the 
knowledge to interpret your surveys with accuracy and 
precision. Accurate 32 or 48 trace dual seismograms are 
used by all Reliable crews. The next time you are plan- 
ning to explore the Texas Gulf Coast, call Reliable for a 


crew that is specialized for geophysical work in the area. 


RELIABLE GEOPHYSICAL 
COMPANY 


Perry R. Love ° P. O. Box 450 6 Yoakum, Texas 
Please mention GropHysics when answering advertisers 
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TEX-TUBE 


SHOT HOLE CASING 
with the 


Strong, light-weight Tex-Tube with the exclusive Speed 
Coupler will solve your shot hole casing problems. Each 
length of Tex-Tube weighs only 20 pounds, making it easy 
to handle and speeding up operations. With the Speed 
Coupler make-up is fast and no collars are required. 
Make-up completely engages the three threads in only 
two turns making a water tight connection strong enough 
to allow high pressure jetting. Field tests under every 
type of condition have proved Tex-Tube to be the best 
shot hole casing. Write for bulletin today. 


Box 7705 CApital 4-6411 
HOUSTON, TEXAS 


CORPUS CHRISTI 
Phone 2-8141 


OKLAHOMA CITY 
Deupree Dist. Co. 
Phone JAckson 8-6740 


OKLAHOMA CITY 
Grove Hardware Co. 
Phone JAckson 8-4886 


BATON ROUGE 
Phone 5-1430 


DIXIE DYNAMITE 
DISTRIBUTORS, INC. 
Alexandria, Houma, La. 
Hattiesburg, Miss. 
Brewton, Ala. 
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Limb? 


HELP You! 


... solve the problem of a difficult location. 
We make accurate, reliable GRAVITY SUR- 
VEYS promptly. You benefit from our 
acquaintance with oil provinces throughout 
North America . . . and our precise inter- 
pretation of geophysical surveys based on 
the latest proven scientific methods. 


E. V. McCollum Craig Ferris 
515 Thompson Bidg. Phone CHerry 2-3149 


Tulsa, Oklahoma 
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He’s keeping up with one of Fairchild’s fast-flying 
airborne magnetometer planes to make this morn- 
ing’s records available tonight for our client’s easy 
interpretation. 


The original airborne magnetic records come out of 
the recorder on an “inches-per-minute” basis, which 
can never be made to equal inches-per-mile, espe- 
cially when our airplane flies against the wind on 
one flight line, and with the wind on the next line. 
This makes alternate magnetic profile tapes of dif- 
ferent lengths (as well as reversed ), and the records 
have different horizontal scales. Because of this, crit- 
ical measurements on individual magnetic anomalies 
are hard to make, and magnetic trends are some- 
times hard to visualize. 

With this variable speed plotter, which we call our 
“stacker,” we redraw the profiles to any desired hori- 
zontal and vertical scales, and put them in their 
proper position, one above the other, for rapid and 
sound interpretation. One of the original magnetic 
records is on the small drum to the left, the sheet of 
stacked profiles on the large drum. Magnetic trends 
thus become immediately visible, and the anomalies 
can be carefully measured. 


These “stacked profiles” aren’t quite as precise or 
valuable as the final Fairchild magnetic contour map, 
but several of our clients demand them because of 
their quick availability and convenience —particu- 
larly when the client is in the field with our flight 
crew, and wants to be able to take immediate action 
on the magnetic results. 

Our stacked profiles will beat the preliminary con- 
tour map by at least a month, maybe more on a 
big survey. 

And so our young man’s in a hurry. 

This client wants to know that the flying he will 
order tomorrow is in the proper place, and based 
on sound geophysical deductions. 


It pays to explore with 


IRGHILD 


AERIAL SURVEYS, INC. 


Los Angeles, Calif.: 224 East Eleventh Street 

Long Island City, N. Y.: 21-21 Forty-First Ave. 

New York City, N. Y.: 30 Rockefeller Plaza 

Chicago, Ill.: 111 W. Washington Street 

Boston, Mass.: New England Survey Service, Inc., 51 Cornhill 
Seattle, Wash.: Carl M. Berry, P.O. Box 38, Boeing Field 
Vancouver, B. C.: Aero Surveys LTD., International Airport 
BOGOTA * CARACAS « LIMA » RIO DE JANEIRO 
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cables can tie up your 


tire exploration program 


Geophysical Cables Minimize 
DOWN-TIME Resulting From Cable Repairs 


“The most economical answer to exploration problems.” That’s the 


tribute paid Vector cables by the geophysical industry’s leaders. 
During ten years of service, Vector has originated numerous special designs and 
construction methods that eliminate lost field time for production-conscious 
seismic parties. Just one example: Vector Continuous-Loop Takeout construction adds 
hundreds of crew-months of operational life to a cable... makes the takeout 
the most trouble-free point along the spread. 
Take advantage of Vector’s unmatched cable manufacturing experience and 
complete service facilities — Off-shore or on land, for every climate, there’s 
a Vector cable to meet every demand of seismic exploration. 


MANUFACTURING COMPANY 


5616 LAWNDALE AVENUE e HOUSTON 23, TEXAS 


: 


CONTINUOUS LOOP TAKEOUT CONSTRUCTION 


For many years takeout failure was the 
major source of geophysical cable prob- 
lems. Takeout failure was part of every 
day in the field, and field personnel agreed 
that no cable was better than its takeouts. 

Then Vector engineers developed the 
technique for preforming continuous loops 
in the conductors of jacketed cables during 
assembly, and made other takeout connec- 
tion methods obsolete overnight. 

Sturdy continuous loop construction 
helps distribute strain along the entire 
length of the cable. Takeout contacts are 


secured to the bared loops with pressure- 
clamps thus eliminating brittle, solder- 
soaked leads. The preformed loop allows 
the inherent strength of each conductor to 
contribute to strain protection of the cable. 

Insist that your cables utilize preformed | 
continuous loop takeout construction. Let P 
your seismic party benefit from Vectors | 
experience in the design and manufacture 
of geophysical cables and accessories. 


MANUFACTURED TO MEET THE 
DEMANDS OF SEISMIC EXPLORATION 


MANUFACTURING COMPANY 


5616 LAWNDALE 


HOUSTON 23,  XAS 
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A. E. “SANDY” McKAY FORT WORTH DIVISION 
602 CONTINENTAL LIFE BLDG., RICHARD BREWER . 
FORT WORTH, TEXAS FORT WORTH, TEXAS 


DENVER DIVISION MIDLAND DIVISION 


Cc. J. LOMAX C. N. PAGE 
DENVER, COLORADO MIDLAND, TEXAS 


Lit 
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| less than 


60min. 


45 


until 
set for 


measuring 


So quickly can you start recording the variations of D, Z and H at 
any desired location by means of the 


PORTABLE EARTH-MAGNETIC VARIOGRAPH 


e.g. for Magnetic Prospecting, the knowledge of the magnetic daily 
variations near the area under survey being required in many cases. 


For further information please contact the 


Askania-Werke AG., US. Branch Office, 
4913 Cordell Avenue, Bethesda, Maryland. 


ASKANIA-WERKE AG. 


Berlin-Friedenau e Bundesallee 86-89 e American Sector 
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COMPLETE GEOPHYSICAL 
SERVICE 


SEISMIC SURVEYS 
GRAVITY SURVEYS 
MAGNETIC SURVEYS 
REVIEW ANALYSIS 


Experienced States Exploration contract crews 
offer complete, integrated geophysical service 
. + . company owned and operated plane facili- 


tates closest supervision over crew activities in 
the field. 


States Exploration facilities include the most 
advanced equipment, specifically designed for 
dependable service under any operating condi- 
tions .. . properly used with skill and knowledge 
for the greatest assurance of positive results. 


Direct scientific supervision over field activity 
and analysis on every project assures you of a 
job well done. Phone, write or wire today for 
complete details on States Exploration Service, 
without obligation. 


SEISMIC e GRAVITY e MAGNETIC SURVEYS 


Hubert L. Schiflett John W. Byers G. S. Lambert 
214 M & P Building 4 709 M & M Building 502 Kennedy Building 
Phone 2544 Phone Blackstone 0213 Phone 3-8844 
Sherman, Texas Houston, Texas Tulsa, Oklahoma 
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PUBLICATIONS THE 


It is an established fact in geophysical operations that the majority of accidents occur to 
personnel with less than six months of experience. With that in mind the S. E. G. Safety 
Committee has developed and published a pocket-sized booklet entitled: 

THIS Way To SAFETY ON CREWS 


that is slanted at the new employee to help you indoctrinate him into your safety program. 
It is written in language he will understand and is illustrated. 


Prices: 1-9; 25¢ ea.; 10-49, 20¢ ea.; 50-99, 15¢ ea.; 100 or more, 12¢ ea., postpaid 


DOODLEBUGGIN’ THE SAFE WAY... 

Prices 

(on a yearly subscription basis) issued in Spring, Summer, Fall, and Winter edi- 

copies /issue tions, is a pocket-sized safety booklet slanted at the 

1-24 50¢/copy/year employee be he new or with years of service. Easy- 

25-49 45¢/copy/year to-read; contains informative material designed to 
50-74 40¢/copy/year create and maintain interest in safety. Interspersed 
75-99 35¢/copy/year with illustrations, cartoons, and to-the-point stories. 

100 or more 30¢/copy/year 


GEOPHYSICAL SAFETY TIPS... 

Prices 

(on a yearly subscription basis) issued bi-monthly in 514” x 814” size, 12-16 pages. 

copies /issue Contains “‘tips” to Party Chiefs and crew members 

1-24 $1.00/copy/year responsible for holding safety meetings. Safety 

25-49 90¢/copy/year statistics indicating hazardous areas and accident 
50-74 80¢/copy/year trends are a regular part of the content. Cartoons 
75-99 70¢/copy/year and other illustrations are freely used. 

100 or more 60¢/copy/year 


Send Orders for above materials to: J. Doyle Settle, Box 9631, Lakewood 
Station, Dallas 14, Texas (Make checks payable to S. E. G. Safety Committee. ) 
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SEG SAFETY COMMITTEE 


ANNOUNCING... 


A GEOPHYSICAL SAFETYGRAPH. Now in preparation. Anyone who can read can give a 
good safety talk by using the Safetygraph. Prepared by a member of the Safety Committee 
with illustrations and copy in terms the field man will understand. 

It is expected that this visual aid to safety meetings will be ready for distribution about 
September. The exact cost has not yet been determined but is expected to be in the $10-$15 
each range. 

Advance orders are now being taken at the above address, 

The above Safety Materials Edited, Published and Distributed by 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
COMMITTEE ON SAFETY 


ANNOUNCING .. . 
NEw VISUAL AIDS FOR PARTY SAFETY MEETINGS 


2” x 2” color slides of actual geophysical operations. Made by a professional under the 
guidance of an experienced geophysical safety man. Several sets are now available and 
others are in process. These slides will add variety to your crew safety meetings and will 
put over the safety lesson much more effectively than will words alone. 


For complete information, prices, etc., write 


J. Doyle Settle or S. E. G. Safety Committee 


Box 9621, Lakewood Station 2514 Gulf Building 
Dallas 14, Texas Houston, Texas 


GEOPHYSICAL MONTHLY STATISTICS . . . 


are being collected as a regular part of your Safety Committees’ activities. A statistics 
card is sent to each operating company each month and an average of about 50 companies 
report regularly. The result is a record of the industry’s accident experience rate which 
as time goes on will become more and more valuable. The more companies that contribute 
their accident statistics each month, the more valuable the statistics will become. 

Any clerk can fill in the simple card and mail it. No identification is necessary. The cost 
of this service is borne by the small profit accruing from the sale of posters, etc. 

Help your Safety Committee to better serve you and the industry by sending in your 
statistics card regularly. If you do not receive a card and wish to be placed on the mailing 
list, write the Society’s office, 624 So. Cheyenne, Tulsa 3, Oklahoma. 


Prices of safety materials have been established to cover cost of printing, handling 
and postage. No profit is anticipated but should any accrue it is applied to 
special safety services. 
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For clear, authoritative answers to 


many of your exploration problems 
READ... 


GEOLOGY 
ENGINEERING 


By JOHN R. SCHULTZ, Waterways Experiment 


AIOTOID 


Station, Vicksburg, Miss., and ARTHUR B. 
CLEAVES, Washington University 


Analytical treatment from geologic and engineering viewpoints .. . 


Here, at your fingertips, is key information on the planning and conduct- 
ing of geological investigations, and many other related topics. Brilliantly 
integrating the two fields, this highly practical reference and guide provides 
a systematic account of geologic principles from the engineering angle, and 
discusses engineering methods of value to the geologist. 


It is analytical rather than descriptive. It pays more attention to principles 
than to case histories—although cases are also included as an aid in under- 


standing. Two outstanding geologists have written it, both with distinguished 
records in applied geology. 


Balanced presentation of modern information. . . 


For sale by: 


The range of subjects treated is extensive. Clear, step-by-step explanations 
are employed throughout. The book differs from other works in the field by 
placing major emphasis on soils and the applications of geology to soil me- 
chanics. Each chapter utilizes the very latest data wherever possible. For 
example, a portion of the material incorporates studies recently made by the 
U.S. Corps of Engineers, The chapter on tunnels presents not only the 
terminology but also the procedure to be followed in underground excavation. 


Many other features make this book a valuable addition to your professional 
bookshelf. 


1955 592 pages $8.75 


E 0 Y C P.O. Box 1614, Tulsa 1, Oklahoma 
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New 


IN SEISMIC EXPLORATION 


24-channel recording equipment for truck mounting. 


TICO recording equipment is 
compact, reliable, easy to operate 


This equipment, plus power supply, comprises a complete unit for 
mounting in a field recording truck. Shown are the combination pre- 
amplifiers and modulators and recording drum mechanism. The latter 
provides for magnetic recording, plus galvanometer viewing screen for 
checking conditions before firing the test shot, plus monitor chart 
recording. The equipment is designed as a unit for completeness with 
compactness, and ease of operation. 

TICO furnishes complete systems from shot hole to corrected record. 
TICO, now a division of Brush Electronics Company, is well equipped 
to simplify your recording and analysis of seismic data. Write for 
complete information. 


Yechnical Instrument Co. 


3732 WESTHEIMER ¢ 4 | » HOUSTON, TEXAS 
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READABLE 
TO ONE 
FOOT 


No adjustm 
time lag. 


ECONOMY d RANGES: 
Time_and money are saved because MINUS 1000 TO 3000 FEET 
modern altimetry methods eliminate MINUS 1000 FEET 
lines of sight. Small original invest- TO 6000 
ment is rapidly recovered. MINUS 1000 TO 15000 FEET 


ent setting required. No | 


= 


WALLACE & TIERNAN | 
TRUMENTS AND ELECTRIC 
Belleville 9, N. J. 
& Tiernan Products Ltd 


Write today for 
additional information 
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When he knows every job a crew performs, then a man is considered 
for the responsible position of an IX Party Chief. E. I. Grizzell 
worked his way up through a crew as a permit man, a surveyor, and a 
computor before he became a Party Chief. Grizzell’s 18 years of field 
work with IX consistently results in better, more accurate survey 
work for our clients. 


Where 1.X. Parties Were Yesterday _ 


You can depend on the results of an IX survey! d ¢ 
Your survey from Independent Exploration Com- Indepen en 
pany is made by parties that have been doing this EXPLORATION COMPANY 


identical work for years and years. 

These parties are staffed with men who have made Geophysical Swueys 
geophysical] surveying their life work; who have 1973 West G me 

watched new fields opened after their preliminary 78 : est Gray, Houston, Texas 
work. To IX personnel like these, your survey 39 Victoria St. London, SW 1, England 
1s important — will receive the extra care that will 208 Dominion Bank Building, 
make your results clearer, more accurate, and a 8th Ave. & Ist St. East 
better value! Calgary, Alberta, Canada 
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SEISMIC and GRAVITY SURVEYS on LAND and SEA 


ERPRETATIONS 


The “Know-How” that gets RESULTS 
your assurance of accuracy and 
efficiency. 


TIDELANDS EXPLORATION CO. 
2626 Westheimer HOUSTON, TEXAS 
Jackson 9-378] 
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Tracerlab, the: world’s largest and 
foremost producer of nuclear equip- 
ment, manufactures precision scintil- 
lation detectors for either air- or 
jeep-borne reconnaissance work. 
These units, which are ideal for 
either oil or uranium prospecting, are 
semi-custom installations consisting 
of standard nuclear equipment 
adapted and repackaged for this 
application. Their design is based on 
extensive experience in providing 
custom airborne radiation equipment 
for special requirements. 


A typical aerial surveying unit 
includes a sensitive scintillation de- 
tector with an extra-large gamma 
crystal, a precision ratemeter modi- 
fied for fast response and having a 
wide range of counting rates, a 
recorder, a remote meter for use by the 
pilot, an alarm to signal high radta- 
tion areas, an invertor to supply 
necessary instrument voltage, and a 
24” x 18” x 30” rack equipped with 
shock mounts. Other special acces- 
sories such as wing tip mounted 
detectors are also available. 


For complete details, specifications and prices 
request BULLETIN PM-101 


190 HIGH STREET, 
ON MASS. TACETIA 


as Offices: CHICAGO - CLEVELAND - NE 


2030 WRIGHT AVENUE, | 
RICHMOND 3, CALIF 


USTON - WASHINGTON - PARIS 
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For subsurface detection 
of radioactive material 


... DRILL HOLE | 


MODEL 120 


This new instrument makes 
possible radioactive measure-.- 
ments in shot holes without 
slowing up normal seismic 
operations. Specially de- 
signed and built by Precision 
Radiation Instruments, Inc., 
the Model 120 can make 
measurements as deep as 
1,000 feet. There is no loss in 
signal strength due to the 
long cable. This model can 
be used for surface prospect- 
ing, and with a preamplifier 
it can be used with a 
recorder. The Model 120 has 
the longest battery life, most 
stable performance and 
greatest sensitivity of any 
Geiger counter. It detects 
both beta and gamma par- 
ticles in ranges of 20, 2, and 
-2 MR/HR. 


HARRISON EQUIPMENT COMPANY, INC 


1422 San Jacinto St., Houston 2, Texas 
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CURVED JAWS clip instantly around cable contact 
rings—simply “yank out”. HEAVY, SOLID COPPER 
CONSTRUCTION gives low-loss contact; prevents 
corrosion; takes roughest handling. “GO—NO GO” 
JAWS eliminate misconnections. SCREW CONNEC- 
TION, CLINCHING EARS eliminate slipping, break- 
ing or fraying of Geophone wires. VINYL INSULA- 
TORS prevent shorts and shocks and are available 
in several lead-identification colors. 


NO. 29 INSULATORS 

Red or Black 

CLIP NO. 27-CGW 

zy =, Wide, 13/32” jaw 

a 

CLIP NO. 27-CG >= 

Narrow, 7/32” jaw 
PRICE, EACH, LOTS OF:| Under 10] 10 100 
Either Cli .40 |$ .28| $ .24/$ .224 

Red or black insulators 17 12 -103 .098 

/ (Blue, yellow, or white Insulators 10% more) 


ORDER NOW— 
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The geophysicist of today is 
covering more ground than ever 
before in history. Survey from 
the air has vastly reduced pre- 
liminary prospecting; it pin- 
points the areas that demand his 
close attention. Among the many 
modern instruments that help 
to make this possible is the Air- 
borne Magnetometer, in the use 
of which the Hunting companies 
have had world wide experience. 


Have you ordered your 


copy of the new... 


CUMULATIVE 
INDEX 


HUNTING 


GEOPHYSICS 


LIMITED 


(See page 15) 


Representative in U.S.A.: 


LORD PENTLAND, A.M.1.C.E., A.M.1.E.E., 
57 Park Avenue, New York 16 


LONDON: 


© 
4 Albemarle Street, London W. 1. a 


Cables: ‘Huntmag,’ London. Tel. HYDE PARK 5211 
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MIDWESTERN HAS DISCONTINUED 


Rent Motorized Equipment! You’ll Want All Details Of 
This Unique New Midwestern Plan. 


Midwestern seismic equipment has always been ranked among 
the best. It is designed by engineers with long experience in 
developing instruments for the geophysical industry. Now we 
are working to even improve the Midwestern instruments that 
already conform to the most rigid standards set by science and 
industry. Best of all, now you can have these fine instruments 
through a liberal, convenient new Rental Plan. Be sure to write 
for complete information. 


Midwestern Geophysical Laboratory 
WRITE MMB 41st and Sheridan Road 
TODAY Tulsa, Oklahoma 


Gentlemen: 
for Hy (| Please send me complete details on your new Seismographic Equipment 


= Rental Plan. 
COMPLETE co [_] Please have your representative call on me with complete information. 


DETAILS 
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CONTRACT SEISMOGRAPH CREWS! 


iy 0) W we will devote our efforts exclu- 


sively to design, manufacture and sale of 
geophysical instruments . . . and an exciting 


new equipment rental plan. 


Seismograph Equipment Rental Plan! 


There Are Two Ways You Can RENT This Fine Equipment. 


v PLAN NO. 1 Standard 30-day cancellation contract. Under 
this plan you can cancel your rental agreement on 30-day notice 
any time you like. Now, you can have the most modern equip- 
ment with no capital outlay. A new Instrument Truck — any- 
thing you need — is yours — quickly, easily. 


& PLAN NO. 2. Under this plan you can rent equipment for 
fixed periods of 12, 24 or 36 months. You need no cash, no down 
payment, just a regular monthly rental. There’s no need to invade 
your working capital, and you can pay for the service out of 
monthly earnings of the crew. If you should want to purchase the 
equipment at the end of the contracted time, your rental fees will 
apply to the purchase payment. Be sure to get complete details 
of this unusual new Midwestern Plan. 


MIDWESTERN 


Geophysical Laboratory 
41st and Sheridan Road " 


Tulsa, Oklahoma 


Please mention GropHysics when answering advertisers 
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RECONNAISSANCE 


PROSPECTING PROCEDURES 


In the search for petroleum, reconnaissance 
Sravity surveys are economical for examining 
large areas prior to conducting more detailed 
geophysical and geological studies. 

One such method is applicable where the 
features of interest are known to have high 
density contrasts. For this method the determi- 
nation of elevations is modified and the station 
spacings are increased. Later, the interesting areas 
of the reconnaissance survey can be filled in and 
detailed by standard elevation survey procedures. 


For areas of small density contrasts the normal 
elevation accuracy is maintained with standard 


SEISMIC AND GRAVITY SURVEYS — PILOT CREWS — LORAC — CONTINUOUS VELOCITY LOGGING 


Seismograph Service Corporation 


WORLD-WIDE 


SUBSIDIARIES 


survey techniques, but the station spacings are 
increased. 


For an average region in the continental 
U.S.A., a minimum of four townships can be 
mapped per month by these reconnaissance 
techniques. 


The preparation and interpretation of SSC’s 
gravity data are done with the aid of SSC’s high 
precision electronic computing facilities. These 
advanced methods provide its clients with a truly 
modern and effective gravity service. 


Investigate SSC’s gravity surveying facilities. 
Let SSC explain the valuable data "Aeslachie 
from economical gravity reconnaissance. 


SSC of Canada ¢ SSC of Colombia © SSC of 
Mexico @ SSC of Venezuela * SSC (Overseas) 
Seismograph Service Limited — England ¢ 
Compagnie Francaise de Prospection Sismique 


TULSA, OKLAHOMA, U. S. A. 
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to the expanding 


On March 12, the Brazilian off 
industry succeeded in bringing in its 
first well in Amazonas... thereby» 
opening a vast new province in its 

expanding search for petroleum réserves. 


The discovery well is located at Nova , - 
Olinda, on the Madeira River, nearly ° 
1000 miles from the nearest 

producing well. 


GSI is proud to have played a part 
in the search for Brazilian oil. 


In Brazil, as in other major oil 
producing provinces throughout the 
world, GSI continues to provide 
traditionally high quality geophysical 
services in efforts to assist its clients 
in finding a world of oil. 


Geopnysicar Service Inc. 


3900 tEMMON AVENUE DALLAS 9 TEKAS 
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